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Preface

Screening for cancer is an important focus of cancer control. Yet screening,
since it involves administering a test to large segments of the population
deemed at risk for the disease of interest, is potentially a major consumer of
scarce health care resources. Further, the benefits sought from cancer screen-
ing, particularly reduction in mortality from the disease, are not always real-
ized, sometimes for biological reasons and sometimes for organizational ones.
Thus the paradigm that “early detection must always be beneficial,” taught to
health care professionals and publicized widely through the media to the
public, has been challenged in the last two decades for a number of cancer
sites. It is the purpose of this volume to determine the extent to which the
requirements for the introduction of population-based screening programs
have been met, as a result of extensive research on screening during the last
two decades, with the major concentration on findings from the recent decade.

The volume addresses important issues for the majority of the sites for
which data on the effectiveness of screening are currently available. It also
addresses some general principles that apply to screening and pays attention to
the advances in understanding of the genetic basis of some cancers, which are
beginning to raise important ethical as well as practical issues. The viewpoint
is largely that of epidemiology, and many of the authors are former contribu-
tors to the series of publications on evaluation of screening for cancer that
arose from the program of the International Union Against Cancer Project on
Screening for Cancer, which I had the honor to chair for many years [1-5].
Thus the authors of the various chapters have carefully evaluated the available
evidence on the effectiveness of screening and have usually been able to reach
a conclusion as to whether screening for the relevant cancer site should be part
of a cancer-control, public health policy approach. However, clinical aspects
have not been neglected, especially when they form a major part of the
approach to screening for a particular site (as for colorectal cancer and mela-
noma screening, for example), or where part of the concern has to be whether
adequate treatment is available for the abnormalities identified by screening
(as for screening for cancer in high-risk families). Indeed, we must constantly
be aware of the requirement for effective screening that there should be
effective treatment — a potential difficulty of management for many of the
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lesions found after screening for cervical cancer, and also for breast cancer,
perhaps particularly in women under the age of 50.

This volume has been planned as a valuable resource document for all
interested in cancer screening, including government and nongovernment or-
ganizations concerned with cancer control; cancer researchers; and members
of national cancer societies and of international organizations concerned with
cancer.

I should like to pay tribute to the many authors who have contributed to
this volume, and who, with considerable patience, acceded to my urgings over
various matters of detail. This has truly been a multi-authored production,
though with a great deal of mutual understanding of objective and purpose.

A.B. Miller
Toronto, Canada
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1. The public health basis of cancer screening:
principles and ethical aspects

Anthony B. Miller

1. Introduction

Cancer is a dread disease. It ably fulfills, at least in the mind of the public and
of many physicians, two of the requirements for screening, namely, that the
disease should be an important public health problem and that the conse-
quences of untreatable cancer are dire [1]. However, we do not have a screen-
ing test for cancer; rather, we have a series of screening tests for different
cancer sites. These tests use different approaches, possess varying sensitivity
and specificity, and have produced varying evidence of efficacy and effective-
ness. Thus screening for each cancer site has to be justified on its own merits
and must therefore be evaluated using rigorous approaches, especially ran-
domized controlled trials [2].

Screening for cancer is based on the assumption that early detection of
cancers in the “detectable preclinical phase” (DPCP) [3] increases the chances
of cure and thus will result in a reduction in mortality from the cancer in
question. This assumption is followed naturally by the further assumption that
the earlier in the DPCP the cancer (or its precursor) is found, the greater the
reduction in mortality. Yet the empirical evidence supporting these assump-
tions is weak, and they can be challenged for a number of cancer sites [4].

The difficulty in evaluating screening is well recognized, especially the
biases that relate to utilization of survival of screen-detected cases as a surro-
gate outcome for mortality (i.e., lead time, length bias, selection bias, and
overdiagnosis bias) [5]. Some “lip service” is usually paid to these biases, but
for those cancers for which clinical trials have demonstrated efficacy of screen-
ing in reducing mortality (breast and colon) (see chapters 5 and 6, this vol-
ume), death from the cancer is not abolished, and a high proportion of those
who do not die of the cancer would not have died in the absence of screening.
It is the small proportion who would die of their disease in the absence of
screening but who, if their cancer is screen-detected, go on to die of another
condition later who really benefit from screening. The fact that this component
may be so small as to be undetectable was first demonstrated by the lung
cancer screening trials, even though a number of small lung cancers were
diagnosed earlier as a result of the screening tests used [2]. Further, there is

A.B. Miller (ed), ADVANCES IN CANCER SCREENING. Copyright © 1996. Kluwer Academic Publishers,
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now evidence that at least some of the benefit from cervical cancer screening
was derived before the initiation of cervical cytology screening by virtue of the
earlier detection of cancers, rather than carcinoma in situ or “earlier” precur-
sors [6].

2. Principles of screening

By definition, screening is offered to those who do not suspect that they may
have a disease. This is subtly different from being asymptomatic. Symptoms
may be revealed by careful questioning, related to the organ of interest, that
may not be regarded by the screenee as being related to a possible disease.
This approach became a subject of controversy in relation to the Canadian
National Breast Screening Study (NBSS); although the frequency of disease
was greater in those with breast symptoms, the majority of symptoms would
not normally be related to breast cancer (e.g., premenstrual breast pain) [7,8].
For a public health program to be regarded as appropriate, it should nor-
mally be necessary to demonstrate first the efficacy of the approach and then
its effectiveness as applied in the population. Both these components should
normally be evaluated through randomized controlled trials, though less strin-
gent methodologies may suffice for effectiveness once efficacy is demon-
strated. The components of effectiveness include, in addition to efficacy,
compliance both with the recommended screen and with the subsequent diag-
nostic maneuvers for those with an abnormality on the screen. It is not at all
clear that the artificial circumstance of a controlled trial is always appropriate
for measuring these important parameters. Further, randomized controlled
trials are expensive and of long duration, and although they remain critical in
determining the primary effect of screening in reducing mortality, new ap-
proaches to their design are being developed that will enable many secondary
issues to be addressed more economically (see chapter 2 in this volume).
For both full effectiveness and efficiency of a public health intervention, an
organized program is essential. The components of an organized screening
program have been appreciated for over a decade [9], yet rarely in North
America has it been possible to introduce such organization, especially for
cervical screening [10]. These components are
¢ identifiable individual women in the target population;
e measures to guarantee high coverage and attendance, such as a personal
letter of invitation;
¢ adequate field facilities for taking the smears and adequate laboratory facili-
ties to examine them,;
e an organized quality-control program for taking smears and interpreting
them;
¢ adequate facilities for diagnosis and for appropriate treatment of confirmed
neoplastic lesions;
a carefully designed and agreed referral system for management of any



abnormalities found and for providing information about normal screening
tests; and
* organized evaluation and monitoring of the total program [9].
Fortunately, for breast screening, at least in Europe and Canada, the necessity
of organized programs has been recognized since the initiation of the popula-
tion programs.

3. The ethics of screening

In medical practice, the special nature of the relationship between a patient
and his or her physician has given rise to a core of ethical principles governing
this relationship. Further, it has been recognized that special issues arise when
a patient becomes the subject of research, which is superimposed on the
patient’s search for and receipt of appropriate medical care. It has not always
been appreciated, however, that screening creates a new spectrum of issues
that may require more restrictive boundaries of behavior than normally apply
in medical practice. The crucial distinction between screening and normal
medical diagnosis and care is that the provider of screening initiates the
process, not the individual who is the subject of screening. This is true whether
screening is initiated by governments, cancer societies, or public health units
(sometimes described as “mass” or “public health” screening), or whether
screening is carried out by the physician in his office (sometimes called “case-
finding””). When a patient goes to see a physician for diagnosis of and hopefully
relief from a symptom, or for treatment of an established condition, the
physician is required to exercise his or her skills only to the extent that
knowledge is currently available. In screening, however, those who are ap-
proached to participate are not patients, and most of them do not become
patients. The screener believes that as a result of screening, the health of the
community will be better. This does not necessarily imply that the condition of
every individual screened will be better; indeed, in some circumstances, some
individuals included in a screening program will be disadvantaged. Yet screen-
ing is often promoted as implying a benefit to every screenee. At the very least,
therefore, those planning to introduce screening have an ethical responsibility
to be able guarantee an overall benefit to the community. This has to be
coupled with the responsibility to minimize by all possible means the harm
that could accrue to some participants. These responsibilities imply that if
valid evidence is not available from properly conducted research studies on
the effectiveness of screening, screening programs should not be offered other
than in the context of a properly designed experiment with validly constituted
informed consent. This ethical imperative is perhaps particularly acute for
those identified as gene carriers in high-risk families, a problem addressed by
Foulkes and Narod (chapter 12, this volume).

Informed consent is a relatively recent innovation in randomized trials of
screening. For breast screening, among those trials that have reported mortal-

3



ity results, only the NBSS required informed consent. However, for the newly
planned or operational prostate screening trials, the majority require informed
consent [11]. This has led to a recognition that randomized trials with informed
consent evaluate the efficacy of screening; effectiveness trials dependent on
randomized invitations in a defined population would be almost impossible
with informed consent, so the measurement of effectiveness will tend to re-
quire other approaches in the future, such as quasi-experimental studies.

Those responsible for screening programs have the ethical responsibility to
ensure that quality control of the screening tests is maintained, that the effec-
tiveness of the programs is continually monitored [9], and that the specificity
of the test is high [2]. The inability to guarantee overall benefit and lack of
disadvantage to those screened led to the proscription of mammography in
women under the age of 50 in the U.S. Breast Cancer Detection Demonstra-
tion Projects in the absence of certain specific indications for mammography
[12]; and the continued lack of evidence of benefit has led most breast screen-
ing programs in Canada and outside the United States to be restricted to
women age 50 or more.

There are some additional ethical issues related to the organization of
screening. The first is to reduce unnecessary anxiety to the minimum. This is
clearly a major responsibility in cancer screening programs requiring both a
reduction in false-positive test results and the avoidance of overdiagnosis. The
second is to ensure that if an abnormality is identified by screening, appropri-
ate facilities are available for its diagnosis and treatment. Although this issue
is a particular difficulty of some screening programs in developing countries, it
has also arisen in programs in technically advanced countries [13]; (see also
chapter 5, this volume). The third is to ensure that screenees with possible
abnormalities do return for diagnosis and management. It has become appar-
ent that failure to do so is one of the reasons for failure of screening programs
for cancer of the cervix, even in developed countries [10,14].

A further ethical issue concerns the extent to which the offer of screening in
a community could divert resources from other, more important, health care
programs. This could be a particular problem for developing countries. There
is an ethical responsibility to distribute limited resources equitably across the
total community in order to obtain maximal benefit. Under certain circum-
stances, the offer of screening could diminish the overall level of health in a
community, if it resulted in less resources being available for other diseases.
However, Hakama (chapter 4, this volume) points out that a well-organized
program, with efficient utilization of resources, could promote equity.

4. Advances in screening relevant to public health

In the 12 years of the UICC Project on screening that I chaired [5,9,15-17], we
always deemed it appropriate to conclude our review of the “state of the art”
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of screening by stating whether, in our view, screening for the relevant site was
“applicable as public health policy.” If our answer was “yes,” we meant to
imply that there was good evidence for the efficacy of screening and no
particular expectation of ineffectiveness in the public health sense, providing
organized programs as defined earlier could be introduced. As is apparent
from the sites considered in this volume, the answer to our question is an
unequicocal yes only for breast for women over the age of 50 and for cervix.
Yet even for these sites, there are well-documented failures to reach the
population at risk; in North America, even after many years of effort for cervix
cancer screening, we may still be experiencing at least twice the irreducible
minimum of disease [10]. For lung, neuroblastoma in children, and stomach
cancer screening, the answer to the question appears to be no; the answer is
probably still uncertain for colorectum, ovary, skin, and genetic screening.
However, the reasons for the uncertainty differ. For colorectum, although
Mandel (chapter 5, this volume) ponts out that there is good evidence for the
efficacy of annual screening, he accepts the high cost and the problem with
relative lack of specificity of the test. He also points out that biennial screening
(being assessed in Europe) could halve some of these costs, yet his own trial in
Minnesota failed to find benefit from biennial screening. Thus, there is still
room for concern over effectiveness issues such as compliance, specificity, and
cost for the fecal occult blood test. For ovary, one trial is in progress, yet it
seems likely that issues related to low prevalence of the cancer and validity of
the screening test will continue to direct public health policy decisions towards
the negative. For melanoma, we have no trials, and although they are vigor-
ously advocated by Elwood (chapter 10, this volume), none seems likely to be
forthcoming in the immediate future; therefore, we have to allow those coun-
tries that have decided to screen to collect the observational data while the rest
of us try to promote prevention (sun avoidance). For genetic screening (chap-
ter 12, this volume) the issues are ethical concerns and the high cost of the
tests, together with the likely inability of the approach to affect cancers in
general.

Of particular importance, however, is the chapter by Bernstein and his
colleagues (chapter 11, this volume) on the Quebec neuroblastoma experi-
ence. This is an excellent demonstration of one of the biases of screening,
namely, overdiagnosis bias. The chapter is perhaps an opportune reminder
that such a bias can affect other sites as well. We have good reasons to be
concerned about it for preclinical abnormalities of the cervix, but it may also
affect our evaluation of breast screening, as it almost certainly does for pros-
tate and melanoma screening as well.

Further, for many if not all sites, Krahn and Naglie (chapter 3, this volume)
remind us that there are many facets to a good economic analysis, and that so
far, few of the published analyses include all the factors they recommend.
Indeed, it seems probable that for many advocated screening tests recom-
mended by some organizations as policy, a full economic analysis would indi-

5



cate that they are not beneficial. The evidence available on breast screening in
women under the age of 50 (Moss, chapter 6, this volume) suggests that, in this
instance, screening in the public health sense cannot be justified [18].

5. Conclusion

Although screening is an important component of cancer control, there are
many barriers to it achieving its full potential in the public health sense. There
are also many ethical issues to consider, in relation both to research on screen-
ing, and to its application. There seems little reason to change the (pessimistic
to some) estimate of the Year 2000 Committee of a decade ago, which con-
cluded that screening could only contribute about 3% to anticipated reduction
in cancer mortality by the year 2000 [19]. All this benefit would accrue to
women from breast screening for women age 50-69 and cervix screening for
women age 20-69. There is no reason at present to believe that this was an
underestimate.
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2. The theoretical basis for cancer screening

Nicholas E. Day

1. Introduction

Screening programs for cancer demand a major allocation of public health
resources. The evidence required to justify the introduction of such programs
therefore needs to be unassailable, based on randomized trials with mortality
reduction from the cancer in question as the primary endpoint. These trials,
which could be called primary, are of necessity large and of long duration,
since the yearly risk of dying from a cancer is small in absolute terms for
almost all cancers at almost all ages. For example, there are few female
populations for which the yearly risk of dying from breast cancer is more than
0.1% at any age.

The cost of these trials raises two issues. Firstly, the information needed to
justify initiating a primary trial must be determined. Secondly, once the effec-
tiveness of a screening modality has been demonstrated and population
screening introduced, a range of proposed modifications will need to be as-
sessed that represent the fine tuning needed to optimize benefits. It would be
perverse to undertake trials to resolve subsidiary issues (which one could call
secondary trials) that are larger than primary trials. For both these issues, one
needs a theoretical understanding of the process of screening in order to
predict expected mortality benefits from earlier results.

Once a screening modality is introduced as a public health measure, further
issues arise, many related to ensuring that the mortality reduction anticipated
on the basis of the primary trials will be delivered by the population screening
program. For this purpose, one needs to define a set of measures for monitor-
ing the program, based on the early results as they emerge, that is predictive of
the long-term mortality outcome [1]. Establishing the adequacy of such moni-
toring requires, as before, a theoretical understanding of the screening pro-
cess. In this description of the screening process, three issues will be of
concern:
¢ what information is required to initiate primary trials;
¢ how secondary trials should be designed; and
* how measures can be developed for the adequate monitoring of population

screening programs.

A.B. Miller (ed), ADVANCES IN CANCER SCREENING. Copyright © 1996. Kluwer Academic Publishers,
Boston. All rights reserved.



Several approaches in the past have developed so-called “deep” models of
cancer screening [2,3]. In this chapter, a different approach is adopted that is
more closely based on observable epidemiological quantities, in which the
logical relationships between these quantities are emphasized.

2. The screening process: screening for early invasive cancers
2.1. Initial considerations

In screening for cancer, there are two distinct targets depending on the natural

history, as currently understood, of the malignancy. For some cancers, notably

of the cervix, and for sigmoidoscopy screening for large bowel cancer, a

preinvasive condition is recognized, of long duration and through which most

invasive cancers are thought to pass. This preinvasive condition is the primary
target of screening. For cancers at other sites, including the breast, ovary,
colorectum (fecal occult blood screening), prostate, and stomach, the primary
target of screening is early invasive cancer. Preinvasive lesions may be de-
tected, such as ductal carcinoma in situ of the breast, but their role in mortality
reduction is at most marginal. This latter situation is considered first, and
attention will focus on breast screening.

When the screening test is applied, preclinical invasive lesions are identi-
fied. Two questions arise:

e When would these lesions have surfaced clinically? Addressing this question
introduces the concepts of sensitivity, specificity, lead time, and sojourn
time, which are essentially descriptive measures.

e What change in prognosis has been achieved by advancing the time of
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Figure 1. The cancers diagnosed at and after a single screening test.
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diagnosis? This question addresses the fundamental issue of the disease’s
natural history, and for its resolution requires the definition of predictive
measures.

In figure 1, the results of a single screening test and subsequent follow-up are
displayed. Among those screened, a proportion P have a preclinical invasive
cancer detected. Among those classed as negative, the incidence rate of clini-
cal cancers rises with elapsed time since the screening test until it approaches
the rate that would have been observed if the population had not been
screened. This rate is immediately derived from the control group in random-
ized trials. In nonrandomized studies, assumptions may have to be made on
the degree of self-selection for screening. No assumption is made that this rate
is constant.

In figure 1, area c, represents the clinical cases arising among those screened
negative in the interval (i-1, i) years after screening. Area a, + c; represents the
clinical cancers that would have arisen in this interval if no screening had
occurred. Area a; thus represents the cases that would have arisen in this
interval in the absence of screening, but were detected at the screening test.
One expects c; to increase with i, this increase representing the increasing
number of cancers that were undetectable at the screening test.

The traditional, elementary table that defines sensitivity and specificity
takes no account of time:

Gold standard
+ —
Testresult + a b
- C d

Specificity = 4

Sensitivity =
a+c b+d

- .\ a
Predictive value positive = ——
a+b

In these terms, if test-positive cases are taken as all those detected at the
prevalence screen, it is impossible to define an equivalent group of gold
standard positive cases, since one does not know when they might have
occurred.

A different approach is required taking account of time. Definitions given
earlier introduce an instantaneous sensitivity, together with the distribution of
sojourn times [4,5]. More simply, and of greater operational utility, one can
define the year i sensitivity (Sn;) as

Sn, =a,./(a,. +c,.>

It represents, among the cancers that in the absence of screening would have
surfaced clinically in the ith year after screening, the proportion that were
detected on screening.
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A series of values Sn,, Sn,, Sn;, . .. are thus defined, the year 1 sensitivity,
the year 2 sensitivity, etc., representing the ability of the screening test to
detect cancers that would surface increasingly further in time after the test.
These values are also described as proportionate incidence rates of interval
cancers, but this term ignores the essential meaning of these ratios in terms of
sensitivity.

This approach can now be extended to define specificity and positive pre-
dictive value. A horizon needs to be chosen — n years, say. The basic 2 x 2
table becomes

Clinical cancers surfacing in n years

+
Screeningtest + Y a, b P

- Xc, d N-P

Z(a,.+c,.) b+d N

1

where the summation is from 1 to n, P is the number of screen-detected
cancers, and N is the total population screened.
The n year positive predictive value is then

iai/P
i=]

The complement of this quantity gives the proportion of screen-detected
cancers that would not surface clinically within n years.
The n-year false-positive rate (1-specificity) is given by

b/(b+d)

The amount of lead time gained by screening for cancers that would have
surfaced clinically can also be obtained directly from figure 1. In the first year
postscreening, a, cancers would have gained approximately 1/2 year of lead
time, a, cancers a corresponding 1'/» years, and so on. In this way, the distribu-
tion of lead time associated with a single screening test can be built up.
Knowledge of the lead time distribution is of little utility, however, if one
cannot estimate the change in prognosis that is induced. To assess the change
in prognosis, and hence the reduction in mortality, that is achievable through
screening, two equivalent sets of cancers need to be compared, one arising
clinically in the absence of screening, the second comprising cancers diagnosed
when a screening program is in operation. With a single application of a
screening test, difficulties arise. Choosing a time interval of n years, from figure
1, the two groups of cancers consist of X, (a; + c;), the cancers occurring without
screening, and P + Xc;, the cancers occurring with a single screening (both
summations from 1 to n). For these two sets to be equivalent, one needs Y., to
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be equivalent to P, i.e., the incidence gap must be equal to the number of
screen-detected cancers minus the positive predictive value equal to unity. For
this to occur, n may have to be large, in which case both sets will be dominated
by the term Y, the interval cancers, the prognosis of which is unchanged by
screening. If a smaller value is chosen, then the positive predictive value may
be substantially less than unity, implying an excess of cancers in the set occur-
ring with a single screening test. In either case, the effect on prognosis will be
underestimated. This dilemma is avoided if periodic screening is considered.

2.2. Periodic screening: Program sensitivity and the unbiased set

In figure 2, the results are represented schematically for the cancers occurring
when a population undergoes periodic screening with a fixed interscreening
interval of T years [6]. Among individuals presenting regularly for screening,
two types of cancer occur, namely, screen-detected and interval cancers.
Clearly, the relative proportion of the two types and their prognostic charac-
teristics will be the determinants of the effectiveness of screening with that
interval. The rate of interval cancers, as a proportion of what would have
occured without screening, will be the sum of the yearly sensitivities as defined

Incidence in comparable
unscreened populations

zZmo—n0z"-

\

P, Cancers detected at the prevalence screen
P; Cancers detected at the ‘i’th incident screen
c; Interval cancers diagnosed in the ‘i’th inter screening interval
a; The incidence gap, in the ‘i’th interscreening interval
Figure 2. The cancers occurring in a population undergoing periodic screening, at an

interscreening interval of T years.
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early. It is then convenient to define a pragmatic measure of sensitivity, the
program Sensitivity:.

T
Programe sensitivity = [2 Snij / T
1

i.e., the average yearly sensitivity over the screening interval of length years.
Over a single screening cycle, this sensitivity will be given by Program Sensi-
tivity = a/(a, + ¢;), provided that the incidence in the unscreened population is
close to constant over the interval — a reasonable assumption for intervals of
up to three years.

If we designate as a screening cycle the time interval from immediately after
one screening test to immediately after the next [7], then the cancers diag-
nosed during a screening cycle constitute an unbiased set [8,9]. This set is
unbiased in the sense that it is almost unaffected by length bias and that the
cumulative incidence over the interval, including the screening test at the end,
is equal to the cumulative incidence over the same interval in an equivalent
unscreened population. The result derives from the fact that the unbiased set
consists of the newly incident cancers in this time period, but with a diagnostic
threshold defined by screening rather than by clinical surfacing. Figure 3

Periodic screening

SCREENING
CYCLE
A CLINICAL _
A THRESHOLD
Extent 4 2
of the 3
cancer
/ 3
SCREENING _|
SCREEN SCREEN  THRESHOLD
AT START AT END
OF CYCLE OF CYCLE
TIME -
Cancer diagnosed during the screening cycle
- e
Cancer not diagnosed during the screening cycle
NS
l/

Figure 3. Schematic representation of cancers diagnosed during a screening cycle, demonstrating
how they form an unbiased set.
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provides a graphical illustration. Algebraically, this lack of bias has been
demonstrated under specific assumptions, including high sensitivity and speci-
ficity and no regression [10].

The last requirement is critical, namely, that invasive cancers do not regress.
Under most circumstances, spontaneous early regression of an invasive cancer
would be considered possible but very rare. In premenopausal breast cancer,
with screening cycles that span the menopause, appreciable regression of small
invasive lesions seems to occur [11].

The concept of the unbiased set over a screening cycle provides the funda-
mental insight into how screening works. For most types of cancer, tumor
characteristics have been identified that determine survival; tumor stage is
usually a bald summary of some of these measures, based on size of the
primary tumors and extent of disease. Other characteristics, based on
histopathological, cellular, or molecular markers, may give additional prog-
nostic information [8]. Comparison of the distribution of these characteristics
between the set of cancers diagnosed over a screening cycle and those diag-
nosed in an unscreened population gives a direct estimation of the effect of
screening in improving prognosis [12]. Comparison between the cancers de-
tected during screening cycles of different lengths, with different relative
proportions of interval and screen-detected cancers, will provide an estimate
of the effect on prognosis of different screening intervals [7].

Table 1 demonstrates from the Swedish two-county study the results over
the first three screening cycles for women aged 40-69 at entry, comparing with
respect to tumor size, nodal status, and malignancy grade the study group with

Table 1. Swedish two-county study (age group 40-69 on entry to

the study)
Study group Control group
Distribution of size at diagnosis among incident cancers
N= 704 590
Size (mm):

1-9 18% 7%
10-14 22% 15%
15-19 21% 20%
20-29 23% 29%
30-49 11% 20%
50+ 5% 9%

Nodal status among incident tumors
N= 670 558
Negative 68% 54%
Positive 32% 46%
Malignancy grade distribution among incident tumors
N= 600 493
Grade:
I 22% 16%
II 38% 36%
111 40% 48%

15



the control group (those refusing screening in the study group are included,
since they have counterparts in the control groups; the prevalence screening
round is excluded).

For prediction of effectiveness in reducing mortality, the change in prog-
nostic variables needs to be converted into change in survival. For this pur-
pose, data are needed on survival for each category of the prognostic variables.
Combining the survival curves with the distribution of time of diagnosis for
each prognostic category will provide predicted mortality into the future, from
which bias due to lead time and length bias has been removed [7,12]. Two
difficulties arise: (1) survival by category of the prognostic variable may be
different between screen-detected and clinically diagnosed cancers, and (2)
the most favorable prognostic categories seen in a screen-detected series may
be virtually unrepresented in a clinical series. To resolve both problems, long-
term survival data are needed from both screening and clinical series. The
implication is that primary screening trials need to be completed before pre-
dicted mortality can be used as a reliable means of evaluation.

In the Swedish two-county study, using the results in table 1 and the ob-
served survival data, a comparison can be made between the predicted effects
of screening and the observed data. These are given in table 2 and show good
agreement [12]. It should be noted that the confidence intervals for the pre-
dicted mortality reduction are narrower.

The unbiased set consists of interval and screen-detected cancers. Survival
of the former, when it has been reported, is often similar to that of cancers in
an unscreened group. Improved survival in the unbiased set is therefore deter-
mined mainly by the improved survival of the screen-detected lesions. When
screening detects predominantly preinvasive lesions, this survival should be
almost that of the healthy population, and then the effectiveness of screening
depends entirely on the rate of interval cancers.

Throughout the above discussion, the initial prevalence screen has been
ignored. It appears in no screening cycle, as the cycle has been defined. The
reason is that the length bias seen at the first screening test is too great for it
to be removed by the procedure described above. For the two cancers for
which extensive information is available, namely, breast and cervix, many

Table 2. The screening-associated reduction in breast cancer mor-
tality observed and predicted on the basis of tumor size, nodal
status, and malignancy grade, by age group [12]

Reduction in breast cancer mortality

Observed Predicted
Age group RR (95% CI) RR (95% CI)*
40-49 0.87 (0.54-1.41) 0.96 (0.73-1.29)
50-74 0.66 (0.54-0.81) 0.71 (0.63-0.80)

aRelative risk (95% confidence interval).
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prevalence screen-detected cancers have sojourn and lead times considerably
longer than the accepted interscreening interval. The accumulation of lesions
with a long sojourn time seen at the initial screening test has no counterpart at
later screening tests. For breast cancer, this essential length bias at the preva-
lence screen is reflected in the inability of the usual prognostic factors to
explain fully the good survival of prevalence screen cancers [8].

3. Model-based evaluation

The application of the concepts outlined above concerning the three issues
raised in the introduction is straightforward.

3.1. The development of primary trials

For societies with a rational approach to the allocation of research resources,
given the cost and size of primary screening trials, objective evidence that the
trials have a reasonable chance of demonstrating a substantial mortality ben-
efit of public health interest should be a requirement before a full trial is
launched. When screening detects early invasive lesions, this requirement is
best met by the provision of data on a complete screening cycle — in particu-
lar, the improvement in the distribution of prognostic factors seen over a
screening cycle compared to the distribution seen in an unscreened control
group. In other words, what does screening detect and what does it miss? The
exception is when screening identifies preinvasive lesions. In this situation, the
crucial quantity is the rate of interval cancers, for which approximate estimates
are required. The development of the trial of flexible sigmoidoscopy [13]
illustrates the point.

Typically, the sample size required to provide adequate estimates over one
screening cycle of the prognostic factor distribution is 20% to 30% of that
required for a full primary trial. Demonstrations of a reasonable probability of
a successful outcome should be a pre-requisite for the funding of primary
trials.

3.2. The design of secondary trials

In many circumstances, secondary trials would be considered only after suc-
cessful primary trials have been completed. Information would then be avail-
able on the survival associated with different categories of the prognostic
variables for the screen-detected and clinically diagnosed cancers. The poten-
tial to use predicted mortality as an endpoint requires the identification of
adequate prognostic factors to be used as surrogates for mortality from the
cancer of interest. A helpful definition of an adequate surrogate has been
given by Prentice [14] and extended by Freedman et al. [15]. This states that if
A is the mortality rate, x is the treatment or screening modalities being com-
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pared, and ¢ is time since diagnosis, then a set S of variables constitutes
adequate surrogates for mortality if

Ags.x)=2(t)s)

i.e., the effect of treatment on mortality is entirely explained by the effect of
treatment on the surrogates S. These would usually be tumor characteristics
determined at the time of diagnosis.

If, on the basis of a primary trial, one is satisfied that an adequate set of
surrogate variables can be defined from which predicted mortality could be
used as a trial endpoint, then the design of secondary trials can be based on the
characterization of the cancers seen over completed screening cycles on the
different arms of the trial. The benefits can be outlined as follows:

Suppose the set S of surrogate variables takes values 1, . .. n, and the distri-
bution of these values under tow treatment arms is

P(s=ilx=j)=g,
i=1,...nandj=0,1.
Suppose also that the probability of death from the cancer in question for
an individual in category i of S is P, independent of the treatment arm.
The parameter that the trial is designed to estimate is the hazard ratio
between the two arms (hazard of death from the cancer of interest). The

variance of the logarithm of the hazard ratio if observed mortality is the
endpoint is given by

v, o=t
N ZPiqﬂ z})iqio

and, if predicted mortality is used,

v __1_ z})izqﬂ + zpiqu'o
pred — N 2 2
(XPa:) (X Pan)

Vea Cannot be greater than V,, and typically might be three to five times
smaller. An example is given in table 3 [7]. In other words, a trial could be
three to five times smaller and provide the same precision. The trial would
also, of course, be several times shorter, since the information required is
available at diagnosis. This approach is being used in the U.K. to assess the
relative benefit of different frequencies of screening for breast cancer. It is
clearly an approach that might have wide application. An example is the
proposed trial of breast screening for women under 50 (EUROTRIAL 40),
which has breast cancer mortality as the primary endpoint [16]. As designed,
the trial is seriously wasteful of resources and likely to be made redundant
years before achieving a result. It has, however, the built-in capacity to answer
a wider range of questions through the use of surrogate measures than can be
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Table 3. Size distribution of all tumors diagnosed (screen-detected and interval cancers) during
screening cycles of three-year and one-year duration, with size-specific 10-year death rates from
the Swedish two-county study

% of tumors for screening cycle

Size (mm) Three-year One-year 10-year death rate
1-9 20 43 0.02

10-14 25 21 0.05

15-19 21 14 0.15

20-29 20 13 0.35

3049 9 7 0.50

50+ 5 2 0.70

% dying in 10 years 20 13

Note: Vo lVyea = 2.57.

addressed with mortality as the endpoint and to obtain the answers much more
rapidly.

It should be emphasized that the value of surrogate endpoints in the design
of secondary trials is based on assumptions that need to be validated on each
occasion, and this validation comes mainly from the results of previous trials.

3.3. Monitoring public health programs

When a screening program such as the breast screening program is introduced,
the anticipated mortality reduction will not emerge for a number of years. To
ensure that the program is on track to deliver the predicted benefit, or to
identify shortcomings at an early stage so that remedial action can be taken,
informative methods of monitoring the program are required. The measures
chosen for monitoring purposes can be descriptive or predictive. Descriptive
monitoring measures have been described for the U.K. Breast Screening
Program since its inception [1,17,18]. These are based on straightforward
considerations of the process of the program, as described in table 4. The
rationale for their target was to mimic the result of the Swedish two-county
trial, on which the British program was largely based. It was considered
plausible that if the targets on these early measures were achieved, then the
ensuing reduction in breast cancer mortality would compare with that of the
two-county trial. No attempt was made to quantify the effect of not achieving
these targets. Recently, an attempt has been made to make these measures
more predictive [19] on the basis of interval cancer rates, and concurrently the
NHSBSP targets have been made more stringent. A more complete approach
to predictive monitoring of the U.K. program is being developed, however,
based on the results of a completed screening cycle and the concept of the
“unbiased set” (McCann, personal communication). This approach requires
the results of the second round of screening, in order to define the results over
an entire screening cycle (i.e., interval cancers from just after the prevalence
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Table 4. Monitoring measures defined for the U.K. Breast Screening Program

1989 [17] 1993 [18]

Compliance 70% 70%
Prevalence round referral rate <10% <7%
Prevalence round cancer detection rate >5 per 1000 >5 per 1000
Prevalence round detection of cancer <10mm >1.5 per 1000 >1.5 per 1000
Malignant: benign ratio >1:3 >1:1

Interval cancers within 12 months <6 per 10,000 <3 per 10,000
Rescreening cancer detection rate — >3.5 per 1000

Table 5. Predictive monitoring of a breast screening program using tumor size of the tumor
characteristics (invasive cancers occurring in the first three-year screening cycle per 10,000 women
invited, assuming a background rate of 20/10,000 women per year)

Interval cancers Cancer Total over
Tumor size detection rates Cancers a screening
(mm) Year1 | Year2 | Year3 | atrescreening in refusers | cycle

1-9

10-14

15-19

20-29

30-49

50+

Total rate 4.8 8.8 12.8 216 12 60

screen to just before the second screening round) plus the cancers detected at
the second screening round. Cancers diagnosed over this screening cycle in
those refusing screening at the prevalence round are also included. These
three sets of cancers together form the set of cancers on which predicted
mortality is to be based, which is then compared with predicted mortality over
an equivalent time period in the absence of screening.

Table 5 presents the details using artefactual results. It should be noted that
the results of the prevalence round are not included, for reasons described
earlier. The average survival in this table can then be compared with the
average survival in an unscreened population. In table 5, for ease of presenta-
tion, tumor size is taken as the sole surrogate variable. The table presents
simulated results for a population of 10,000 invited for screening, of whom
80% attend the prevalence round, leaving 20% as refusers. Interval cancer
rates are taken from the U.K. program [19]. For ease of presentation, it is
assumed that all women attending the prevalence round attend the first
rescreening round. Using survival information by size from other sources,
or from historical data in the same population, the size-specific incidence
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rates over a screening cycle can be converted into predicted mortality, to
be contrasted with the predicted mortality of a comparable unscreened
population.

We should note from table 5 that the predicted reduction in mortality
depends on three aspects of the screening results, namely, the compliance rate,
the rate of interval cancers, and the size distribution among screen-detected
cancers. With respect to the last, failure to detect small cancers at screening
will not only increase the rate of interval cancers but also reduce the improved
survival among those with screen-detected cancers. Most of the benefit of
screening is derived from detecting cancers when small; if this number is
reduced, the benefit is directly diminished.

4. Screening for preinvasive lesions

Similar concepts apply in this situation, with the simplification that screen-
detected lesions will be (largely) of very good prognosis, but with the added
complexity that the natural biology of the screen-detected preinvasive lesions
may be poorly understood, and many may have little potential to progress.
Many in fact may regress. The definition of specificity and positive predictive
value given earlier is directly relevant to the estimation of the proportion of
preinvasive lesions that may regress. The most comprehensive attempt to
estimate regression rates in cervical cancer screening is based on the British
Columbia cervical screening program [20]. One approach taken was to com-
pute, as in figure 1, the number of invasive cancers that appear after screening
compared to the number expected in the absence of screening. The difference
indicates the number of screen-detected lesions that would have progressed to
invasion, a number that can be compared with the total number of lesions that
were screen-detected. This ratio is exactly the positive predictive value, as
defined in section 2.1.

If one assumes that the screen-detected lesions, at least after the initial
prevalence screen, contribute a negligible amount to the predicted mortality
based on the lesion occurring in a screening cycle, then computation of pre-
dicted mortality depends only on the rate of interval cancers. Thus, in the
justification of the development of large primary trials, emphasis should be
placed on the evidence for interval cancer rates. One sees exactly this ap-
proach in the development in the U.K. of the trail of flexible sigmoidoscopy as
a mass screening modality for the prevention of colorectal causes [13].

In cervical screening, the question of the design of primary or secondary
trials of cytological screening is theoretical, since none has been or is likely to
be undertaken. The question of trials to assess the value of Human Papilloma
Virus (HPV) testing as an adjunct to cytology, in particular to improve speci-
ficity, will not be considered here. The evaluation of cytological screening has
been based on observational data, with between-population comparisons and
time-trend analysis providing evidence for the effectiveness of screening (a
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Table 6. Screening for cancer of the cervix

a. Relative risk of invasive cervical cancer by year of the negative
cervical smear, among women with at least two negative smears

Time since

negative smear (year) Relative risk
0- 0.07
1- 0.08
2- 0.12
3- 0.19
4- 0.36
5- 0.28
6— 0.63

10+ 1.20

Never smeared 1.00

b. Reduction in cumulative incidence of invasive cancer over the
age range 35-64, with different screening frequencies

Screening % Reduction
frequency (year) in cumulative rate
1 93.3
2 933
3 914
5 83.9
10 64.2

poor substitute for primary trials). The main secondary issue has been the
evaluation of the relative effectiveness of different screening intervals. One
approach, shown in table 6, has been by direct observation in case-control and
cohort studies [21]. An alternative approach is through modeling the natural
history [22-24]. Consistency of the two approaches has recently been demon-
strated, as shown in figure 4 [25], but with the interesting additional point that
estimates of the relative effectiveness of different screening intervals depend
on whether occurrence of invasive disease or mortality from the disease is used
as the endpoint. In the IARC [21] study, invasive disease was taken as the
endpoint. Over a screening cycle (figure 2), the relationship between the
length of the cycle and the average yearly incidence of invasive disease is given
correctly by table 6.

To evaluate predicted mortality, however, one needs to proceed to the
computation indicated in table 5, in which the size (or stage, in the case of
cervical cancer) distribution is taken into account, and the stage-specific sur-
vival incorporated. Since most screen-detected lesions have an excellent prog-
nosis, the main contribution to mortality from cervical cancer derives from the
interval cancers, clinically invasive, that arise in a screening cycle. The reduc-
tion in mortality is then greater than the reduction in incidence, and the
quantities in table 6 underestimate the reduction in mortality associated with
different screening intervals.
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Figure 4. Relative risk of diagnosis of an invasive cervical cancer after the last of at least two
consecutive negative cytological smears. Comparison of empirical results of the IARC study [21]
and theoretical modeling [3].

5. Concluding remarks

Simple, observation-based models are required to extrapolate from the results
of primary trials to the implementation of screening on a population basis.
These models are necessary in order to understand how screening achieves a
reduction in cancer mortality. This understanding can then form the basis for
the evaluation of different implementation policies, for the design of feasible,
relatively small and short-term secondary trials in which specific uncertainties
are resolved, and for the development of effective program monitoring strat-
egies that have predictive power. This chapter has attempted to demonstrate
how development and application of these models for breast and cervical
screening can lead to a coherent approach to the development of a public
health strategy, including the design of research and development activities
that should be an essential component of such a strategy. The chapter has not
considered the problems that arise at an earlier stage of development of a
screening modality. For ovary cancer screening, for example, the reluctance to
initiate large primary trials at present is founded on more basic considerations
of harm and benefit than are considered here.
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3. Principles of economic evaluation in
cancer screening

Murray Krahn and Gary Naglie

1. Introduction

Should high-risk women under the age of 50 be screened for breast cancer?
What about women over 70? How often should cervical cytology be assessed?
Should asymptomatic men have a prostate-specific antigen performed? Who,
if anyone, should receive CA125 and transvaginal ultrasound screening for
ovarian cancer? How often should stool occult blood testing and/or
sigmoidoscopy be performed to screen for colorectal cancer?

These are vexing questions not only for clinicians but also for those who
organize and pay for health care. Formulating rational policies for cancer
screening is an extraordinarily complex and difficult undertaking because
the diseases are complicated, screening techology evolves quickly, and
the data about screening efficacy are often incomplete. In addition, in this
era of constrained health resources, we are obliged to think about cost as
well as clinical benefit. Even wealthy nations, squeezed between the Scylla
of exponential technology growth and the Charybdis of shrinking health
care resources, must make hard choices about which technologies they can
afford.

Economic evaluation, or “cost-effectiveness analysis,” is a methodology
that is increasingly being used to help clinicians and policy makers think about
these hard choices. Economic evaluation is the “comparative analysis of alter-
native courses of action in terms of both their costs and consequences” [1]. In
measuring the effects of health programs on both resource consumption and
health, economic evaluation allows us to see how much health care “bang”
we’re getting for our “buck.” By expressing the costs and consequences of
programs in standardized units (e.g., dollars, quality-adjusted life years), it
provides us with an intellectual framework that allows comparisons of compet-
ing programs not only within but also across clinical domains.

In this chapter, we discuss the principles of economic evaluation in the
context of screening for cancer. Our intent is to provide both a reader’s guide
to the literature and practical guidance to researchers performing economic
evaluations of cancer screening.

A.B. Miller (ed), ADVANCES IN CANCER SCREENING. Copyright © 1996. Kluwer Academic Publishers,
Boston. All rights reserved.



2. Comparisons between programs

Full economic evaluations are always comparative. No intervention is ever
economically attractive or unattractive in isolation. Each is always more or
less so in relation to some other program, even if the other program is “no
intervention.”

What programs should be compared? An economic evaluation ideally in-
cludes all potential, mutually exclusive programs for a defined population,
including, of course, the option of not screening at all. In cancer screening, the
two key variables are screening modality and screening frequency. Thus, an
“ideal” economic evaluation of colorectal cancer screening would involve the
comparison of all methods of stool occult blood testing, sigmoidoscopy,
colonoscopy, and barium enema, singly and in every combination over all
possible screening intervals. This is clearly a heroic task, though some analysts
have compared up to 40 alternative screening programs [2]. Study design and
modeling limitations (tractability) always limit the consideration of therapeu-
tic alternatives. Economic evaluations carried out in parallel with randomized
controlled trials, for example, may be limited to the examination of only two
or three alternatives. There is no widely accepted formal approach to deter-
mining which subset of possible alternatives should be examined. One set of
guidelines recommends that the least expensive, most effective, and most
widely used strategies should be evaluated [3]. The policy recommendations
of specialty groups like the American Cancer Society should also be consid-
ered, since they represent reasoned judgments about combinations of screen-
ing modality and frequency that will be economically and clinically attractive.
The “no screening” alternative offers a useful benchmark that facilitates
meaningful comparison across programs, and should be evaluated whenever
feasible.

3. Study architecture: modeling and clinical trials

There are two fundamentally different approaches to gathering and combining
the cost and health benefit data in an economic evaluation. The first approach
is to link an economic evaluation directly to a randomized controlled trial
(RCT) designed to evaluate the effectiveness of screening. In this “piggyback”
approach [4], the costs and clinical consequences of screening are gathered
simultaneously, and the resource implications of gaining extra health benefit
are computed directly from trial data at completion [4,5]. This approach has
not yet seen wide application in the evaluation of cancer screening programs,
though there is a trend to incorporate economic analyses into the design of
new clinical trials [4-6].

One advantage of linking an economic evaluation to an RCT is that cost
and effectiveness data are at least theoretically more valid, subject as they are
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to the blinding, randomization, and explicit definition of outcomes that mini-
mize the potential for bias in RCTs. In addition, comprehensive cost data are
usually relatively easy to gather within the context of a clinical trial. On the
other hand, the representativeness of cost data gathered within a trial is often
difficult to determine [7]. It is not always straightforward to separate the costs
associated with trial infrastructure from costs associated with the delivery of
health care. In addition, clinical practice associated with screening and treat-
ment within a trial is highly stylized and may bear little relation to community
practice [5]. Thus, it may be difficult to be certain that the results of an
economic evaluation carried out within the context of a trial are applicable to
a given clinical setting.

Clinical trials usually run for periods of time shorter than the optimal time
horizon (the period of time covered by the analysis). Thus, economic evalua-
tions that are piggybacked onto trials often require additional modeling work
to project costs and clinical outcomes into the future, as well as to assess the
degree of uncertainty associated with an evaluation [8,9]. A final problem, of
course, is that one can only examine a very limited number of programs in a
trial.

The alternate approach, which has been much more widely used in analyses
of cancer screening to date, is to compare screening alternatives using
decision-analytic or simulation models [10-15]. In this approach, cost data
and health data are gathered from disparate (usually secondary) sources
and incorporated into a common model. In some modeling exercises, costs
and/or quality-of-life effects may actually be measured, but effectiveness data
usually are not. The advantages and disadvantages are the obverse of evalua-
tions carried out in the context of a trial. Modeling allows the evaluation of
many more programs at more intervals, but the comparisons between pro-
grams may be subject to greater bias. Modeling is useful when the results of
clinical trials are conflicting [14], when clinical trials have not yet been per-
formed [15], or when the time horizon of clinical trials is limited [16].
In addition, modeling studies are the only means by which the population
effects, both clinical and economic, of alternative screening strategies can be
estimated.

Both approaches are subject to certain limitations. We believe that the
validity of the evaluation is less affected by study architecture than by validity
of the data, though the two may be related. It is of particular importance that
the effectiveness of screening in reducing cancer mortality be accurately
represented in the analysis. When clinical trials of screening yield conflicting
results [14], or when estimates of efficacy are derived from biological models
[2] or less rigorous clinical data (e.g., comparison of cohort studies
[15]), economic evaluations may be useful in sketching out the potential ef-
fects of screening, but will remain less than definitive. As always, the validity
of a cost-effectiveness analysis is contingent on the validity of the effectiveness
data.
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4. Costs

The cost of any component of screening is the value of the resources required
to deliver the service. This value is theoretically straightforward, but measur-
ing costs is often difficult. Charges associated with health services are much
easier, in general, to obtain than costs and are frequently used in economic
analyses [17]. Charges, however, do not bear a consistent relation to costs,
since individual services may either be profitable (charges > costs) or subsidize
other services (costs > charges) [18].

Cost and charge data may be derived from single institutions (e.g., hospi-
tals, managed care or capitated health care organizations), insurers, or govern-
ment (e.g., provincial Ministries of Health, Medicare, Medicaid). Ideally,
economic evaluations should utilize actual costs drawn from a large and repre-
sentative sample. In practice, there is often a tradeoff between accuracy of
costing and the representativeness of the sample from which costs are derived
[15,19].

5. Cost categories

There are many different types of cost, and not all should be included in every
analysis. The major categories of cost are direct, indirect, and intangible costs.
Direct costs are expenditures that are induced or averted by an intervention.
Direct costs may be related to provision of a medical service (direct health care
costs). Examples here would be the costs associated with the screening maneu-
ver, the confirmatory tests, and the definitive cancer treatment (see table 1).
However, patients must travel to their appointments and may incur lodging
expenses or expenses related to special diets, clothing, or prostheses. These
costs are direct in that they are expenditures induced by the intervention, but
are nonmedical, and hence are termed direct nonmedical or non-health care
costs.

Cancer and interventions to screen or treat cancer may result in productiv-
ity loss, as well as direct costs. Individuals who are ill, or die prematurely, will
not be able to work and contribute productively to the economy. The concept
of indirect cost, then, refers to the productivity loss caused by disease-related
morbidity and premature mortality.

Productivity losses caused by disease represent real costs, but there is no
universally agreed upon method for valuing these losses [20-23]. The practical
difficulty of measuring productivity loss, as well as methodologic disagreement
about exactly how to do so, accounts for the fact that few analyses of cancer
screening include indirect costs.

Intangible cost is the value of pain, suffering, grief, and other nonfinancial
outcomes associated with illness. Though it is possible to express the “cost” of
pain and suffering by attaching a monetary value (as is done in cost-benefit
analysis), it is more common to express intangible costs as health outcomes.
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Thus, intangible costs are usually represented in the denominator of cost-
effectiveness or cost-utility ratios.

6. Costs in cancer screening programs

Table 1 lists some of the costs that should be considered in the evaluation of a
screening program, using selected studies as examples. In general, most pub-
lished analyses gather relatively complete costs relating to the screening
method(s) as well as treatment for those found to have cancer. In addition,
most analyses attempt in some way to measure the costs of ongoing care for
those found to have cancer, including the costs of treating recurrent, progres-
sive, or advanced disease.

The initial costs of setting up a cancer screening program, which
include capital, equipment, training costs, and advertising, are almost always
overlooked, because analyses often evaluate hypothetical or already function-
ing programs. Failure to include these costs will result in a bias toward
the screening program, since the unit cost per positive screen will be falsely
low.

In addition, the economic consequences of false-positive or indeterminate
tests are often omitted. For example, an elevated prostate-specific antigen
level will almost always trigger follow-up visits and repeat transrectal biopsies,
even if the inital biopsy is negative. Clinicians may be concerned that
the patient is still at risk for cancer and may believe that the initial biopsy
“missed” the tumor. For many screening methods, false positives exceed true
positives, so the economic consequences of altered clinical behavior after the
initial test are potentially very important and should be included in a full
evaluation. Again, the consequence of omitting this cost component is to bias
the analysis toward the screening program by underestimating the full cost of
screening.

The accuracy of estimates of ongoing treatment costs varies. Modeling
studies, in particular, often assign treatment costs by clinical stage, irrespective
of the history of prior treatment [2]. In practice, treatment decisions will
incorporate information about prior treatment. Treatment for a stage C pros-
tate cancer, for example, may depend on whether the patient has already
received surgical treatment or radiotherapy. Empirical data about the lifetime
stream of cancer treatment costs or data gathered within the context of an
RCT are more plausible estimates of true treatment costs than those that
predict initial and follow-up costs from cancer stage.

Direct, nonmedical costs are rarely included in published analyses, even
those that explicitly adopt a societal perspective [10]. Because the magnitude
of these costs is small relative to the costs of screening and treatment, and
because the cost of gathering these data is often high, requiring patient sur-
veys, this omission is rarely important.
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7. Perspective of the analysis

Which costs should be included within the analysis is determined by the
perspective of the analysis. Economic evaluations may adopt the perspective
of society, government, governmental or other third-party payer, hospital,
department, patient, or other individual health care provider. The societal
perspective is the broadest perspective and takes into account all costs, irre-
spective of their distribution. Analyses that adopt a societal perspective should
include, in addition to direct medical costs, all productivity losses, direct non-
medical costs, and costs to individuals.

The most frequently utilized perspective is that of the payer (government or
other third party), which excludes costs borne by individuals for direct health
care and insurance premiums, as well as excluding direct nonhealth costs and
indirect costs. This perspective is arguably the most appropriate, since decision
makers within health care organizations will attempt to maximize health out-
puts subject to their budgetary constraint [24,25]. The most comprehensive
approach is to carry out the analysis from all perspectives, including societal
and individual perspectives. If the optimal decision differs according to the
perspective of the analysis, this will be brought into sharp relief by the analysis
and can be taken explicitly into account by the decision maker(s) [1].

8. Health effects

The way in which health effects are measured is the chief determinant of the
type of economic analysis. The simplest way of dealing with health effects is to
ignore them. This is perfectly legitimate in the rare situation where two pro-
grams are of equal efficacy (cost-minimization study). Similarly, a simple
tabulation of costs may show that one program is more economically attractive
than another, if it is less costly and is known to produce greater health benefit
(cost comparison).

Because of the complexity of cancer screening, partial evaluations, as de-
scribed above, are rarely sufficient. It is usually necessary to measure health
effects as well as costs in a full evaluation. Health effects may be measured in
natural units, e.g., cancers detected or lives saved, in which case the analysis is
a cost-effectiveness analysis. A limitation of this approach is that the denomi-
nator is expressed using different measurement units, SO comparison across
clinical domains is difficult.

An alternative and more general approach is to convert health outputs into
standardized units, e.g., quality-adjusted life years [26,27], or healthy year
equivalents [28]. This type of analysis is known as cost-utility analysis. The
chief virtue of this approach is that it allows comparison between programs
with dissimilar health outputs, both within and across clinical domains.
Thus, it is feasible to compare the economic attractiveness of screening
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mammography with breast cancer treatment, as well as in-home hemodialysis
or bone-marrow transplantation for acute leukemia, by determining the incre-
mental cost of producing a standardized health unit in each program.

The most widely used unit of health output is the quality-adjusted life year.
In this conceptualization, health has two dimensions, namely, length of life and
quality of life. Utility, a measure of patient preference, is used as a weight to
adjust length of life for varying quality and produce a standardized unit
[26,27,29]. The healthy year equivalent [28] has been proposed as a theoreti-
cally preferable measure, but has not yet been widely applied because it
requires additional measurement and necessitates severe modeling constraints.

The final approach to characterizing health benefits is to express their value
in monetary terms. This dramatically simplifies interpretation of the analysis,
since costs and health effects are expressed in the same units (i.e., dollars). A
net cost saving or net cost increase suggests that a program is economically
attractive or unattractive. This approach has always had more attraction for
economists than health care decision makers, since it requires the analyst to
value health and life in monetary terms, a step that often engenders distrust
among consumers of the research [30]. As Phelps and Mushlin [31] have
pointed out, however, cost effectiveness and cost utility also require implicit
valuation of health outcomes in monetary terms if they are used to direct
policy decisions. Thus, under most circumstances, all three forms of full eco-
nomic evaluation are equivalent (though not equally informative), despite
differences in reporting style.

9. Health effects in cancer screening programs

Screening programs generate health effects that start with the screen and may
persist over decades. The screen itself may be innocuous (PSA) or it may be
uncomfortable and invasive (colonoscopy, transrectal or transvaginal ultra-
sound). Though the effect per individual will be small, all screenees will be
affected, as opposed to the few who will benefit from screening.

The psychological effects of screening must also be considered. Those who
have cancer identified early through screening will all live longer with the
diagnosis, though only some will live longer. All screenees confront their own
mortality, though this effect is not necessarily negative [32-34]. Patients with
false-positive or equivocal tests may live with a heightened fear of cancer, and
may seek or be given more intensive, potentially invasive, medical care.
Screening may also reassure those who fear cancer, though cancer anxiety may
initially be generated by the publicity surrounding screening programs [35].
The effect of the initial screen on rescreens must be considered. Psychological
effects of the initial screen may reduce compliance with subsequent screens
[33,36]. Cancer treatment is usually invasive, involving surgery or radiation,
the health effects of which are, all other things being equal, negative in the
short term [37-39]. Treatment may be disfiguring (mastectomy), involve
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changes in body image and self-perception (impotence post radical
prostatectomy, colostomy post bowel resection, infertility post hysterectomy),
and impair occupational, social, and sexual functioning (urinary and bowel
incontinence, impotence) [40-43]. Screening may prevent more men from
living with disease recurrence, cancer progression [44.45], advanced disease,
and preterminal disease (fatigue, depression, inanition, cachexia, pain), so
these effects must be considered [41,46-48]. Treatment for more advanced
disease (chemotherapy, hormonal therapy, radiotherapy) must also be consid-
ered. Finally, the effects of screening on cancer mortality must be included.

As table 2 illustrates, few published economic evaluations of cancer screen-
ing evaluate the full range of screening-related health effects. Nearly all analy-
ses are cost-effectiveness analyses, whose final result is expressed as an
incremental cost per life year gained. The psychological effects of screening
and the quality-of-life effects of treatment, treatment complications, and dis-
ease progression are omitted from this type of analysis.

At least two screening studies have measured quality of life. In an evalua-
tion of breast cancer screening in the Netherlands [49], measurement of qual-
ity of life did not have a large impact on the outcome of the analysis. The
modest negative effects on health of screening, treatment, and living longer
with a cancer diagnosis were almost exactly offset by the reduction in late
cancer morbidity induced by cancer screening. Thus, the quality-adjusted life
expectancy gain was very close to the unadjusted life expectancy gain. On the
other hand, our evaluation of prostate cancer screening demonstrated that the
negative effects of prostate treatment alone were sufficient to offset the mor-
tality gain afforded by screening for prostate cancer [15]. Predicting the net
effect of quality of life on an analysis is difficult without actually measuring
these effects and incorporating them into the analysis.

10. Time horizon and discounting

The annual costs and benefits of health programs usually vary with time.
Startup costs are often high, but maintenance costs are lower. As time goes by,
annual program savings may exceed program costs. Preventive programs with
long time horizons (e.g., cancer screening) often take years or even decades to
achieve positive health benefits. Alternatively, health benefits may diminish
with time (behavior modification, disease education). Choice of an inappropri-
ately short time horizon can bias results of economic analyses by not capturing
economic or health consequences of the program that extend beyond the
horizon of the analysis. A minimum time horizon for evaluating a cancer
screening program is the period during which screening can be expected to
exert some effect on the disease-specific mortality rate. Shorter time horizons
will bias the analysis against screening by not capturing all the potential
screening benefit.

Economic costs and health effects that occur in the future are convention-
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ally assigned a lower value (discounted) than those that occur in the present
[50]. Future costs are discounted because, given the choice, most individuals
would prefer to spend the same amount later or receive a similar amount
sooner, even after adjustment for inflation (positive time preference). In addi-
tion, resources not used can be invested: $1000 invested at 10% will be $1100
one year from now, so the present and future value of $1000 are quite different
(opportunity cost). Thus, there is general agreement that costs should be
discounted [5S0-57]. It is also generally [57], though not universally [58], ac-
cepted that future health benefits should also be discounted. Future health and
economic effects of health programs are usually devalued at a common rate,
most frequently 5% [50,59]. The choice of a discount rate is less important in
economic evaluations with a short time horizon, but often very important in
programs whose costs are immediate but whose benefits take longer to accrue.

11. Evaluating uncertainty: sensitivity analysis

Sensitivity analysis is the main tool used to evaluate whether the qualitative
conclusion reached in the analysis is robust to the uncertainties in the model.
The simplest form of sensitivity analysis involves varying a single parameter
across the range of uncertainty to determine whether the analytic result
changes. A more complex form involves the simultaneous evaluation of uncer-
tainty in two or three variables. “Structural” sensitivity analysis involves
changes in model structure to determine whether modeling assumptions are
creating bias. Analysis of extremes is another frequently employed technique:
by varying multiple parameters simultaneously, the model is systematically
biased toward and then against a given program to see if the baseline analytic
result is robust [60]. Finally, probabilistic sensitivity analysis can simulta-
neously evaluate the effects of uncertainty in many input parameters [61-63].

Sensitivity analysis is vitally important in economic evaluation precisely
because so many assumptions are required. Despite their complexity, pub-
lished analyses of cancer screening have not, in general, included very com-
plete sensitivity analyses. The most common practice is to report one-way
sensitivity analyses for a very selected group of model parameters. Multiway
analyses, analyses of extremes, and structural and probabilistic sensitivity
analysis are rare. Thus, it is often extremely difficult for a consumer of pub-
lished analyses to know how much uncertainty is attached to a reported result.

12. Interpreting published analyses

12.1. From internal to external validity

Economic evaluations of breast cancer screening have reported incremental
costs per year of life saved ranging from $3000 to $84,000 [64]. Why is there
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such extreme variation in reported results, and how confident can we be
in applying the results of such research in our own clinical or health care
context?

First, apparent differences in reported results may be accounted for by
methodologic differences. The perspective of the analysis, inclusion/omission
of selected costs, the chosen discount rate, the target year of the analysis
(inflation), the time horizon of the analysis, the way in which clinical efficacy
is modeled or expressed, and whether average or incremental cost-
effectiveness ratios are reported [25] may all affect the reported results.

In addition, consumers of the literature must keep in mind that economic
evaluations consider extremely specific clinical strategies, for specific popula-
tions, within a given national health care system. Comparing screening
mammography to no screening and to regular breast self-examination will
yield wildly different cost-effectiveness ratios. Different screening intervals
[49], high- and low-risk populations [15,65], young or old populations [10,14]
and the efficiency of the health care system [66] may all dramatically affect
cost-effectiveness ratios.

Thus, the usual concerns about the generalizability of published clinical
research to one’s own setting [67,68] apply to economic research as well, but
perhaps with additional force, since generalizability depends not only on clini-
cal but also on economic similarity between study and target populations. The
economic attractiveness of a clinical strategy cannot be generalized to alter-
nate populations, alternate health care systems, varying screening intervals, or
combinations of screening tests.

12.2. Decision criteria

When cancer screening programs cost more than an alternative and offer the
potential for clinical harm [15], the alternative is clearly preferred. When
screening is cost saving and produces net health benefit, the program ought to
be implemented. Unfortunately, cancer screening usually produces a net
health increase at an increase in net cost. This situation is more difficult to
interpret. Whether the screening program ought to be implemented depends
on how much society values (is willing to pay for) a standardized unit of health.
This is not a question of fact, but of value or preference. How a “society”
values something depends, of course, on the society and who within that
society one asks. The economic attractiveness of health care interventions that
society is paying for at present (e.g., center hemodialysis, hypertension treat-
ment, coronary revascularization) offers some, albeit limited, guidance [69].
Laupacis et al. [70] offer suggested thresholds of economic attractiveness
(<$20,000/QALY: strong evidence for adoption; $20,000-$100,000/QALY:
moderate evidence for adoption; >$100,000/QALY: weak evidence for adop-
tion), but these thresholds are by no means uncontroversial or universally
accepted.
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13. Economic evaluation: summary and caveats

If economic evaluation is to be valuable in policy formulation, its limitations
must be understood. First, economic evaluation is not prescriptive, but rather
a first (albeit important) step in the evaluation of a new health care technol-
ogy. The distribution of costs and health benefits (who gains and who loses)
and availability (matching resources to locations where they are accessible to
those who require them) must also be considered [25].

An additional reason why the results of efficiency evaluation should not be
blindly applied is that the methodology itself involves a standard theoretical
framework that does not always validly represent the values of individuals or
society. Two aspects of efficiency evaluation are particularly germane to can-
cer screening.

The first is the way in which preferences for health states are represented in
economic models. Empirical studies have consistently shown that different
individuals may assign very different values to standardized health states (e.g.,
mastectomy, impotence or incontinence). Yet a common approach among
analysts is to express population preferences in models using a measure of
central tendency, usually a mean utility value. The analytic result produced by
this assumption may well be the correct one for most individuals, but the
unthinking application of the policy suggested by the analysis may do individu-
als harm. Consumers of the economic evaluation literature should exercise
particular caution when sensitivity analyses demonstrate that the optimal
choice is contingent on patient preferences for health outcomes.

Finally, there is the issue of risk. Cost-effectiveness analysis and its relatives
produce an estimate of expected cost and expected health loss or gain per
person that does not explictly account for risks faced by each patient [1]. For
example, program A and program B each result in a gain of one quality-
adjusted day per person relative to program C. In program A, each individual
gains one day. In program B, most individuals are unaffected, but a very few
are prevented from dying prematurely (30 quality-adjusted life years lost).
Though many individuals will value program A and program B differently
(most will prefer B), conventional economic evaluation does not. Thus, pro-
grams that decrease risk of very adverse outcomes, like (for the most part)
cancer screening, are undervalued relative to programs that are risk neutral or
risk increasing. There is no widely accepted formal way of adjusting for risk
[50], but this is an important limitation of economic evaluation, and may partly
account for some of the difficulties associated with translating health policy
into clinical practice [71].
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4. Screening for cervical cancer

Matti Hakama

1. Benefits and harms of screening

Screening for cancer involves the identification of preclinical disease by a
relatively simple test. The objective of screening is to reduce the risk of death,
i.e., mortality from cancer among subjects subjected to screening. For cervical
cancer, the screening test is aimed at detection of preinvasive lesions. There-
fore, reduction in the incidence of invasive disease results from screening for
cervical cancer, and an indicator for the effect is change of incidence in time
before and after application of the screening test, or difference in incidence
between those subjected to screening and those not subjected to screening.

Screening may have benefits other than an effect on incidence and mortal-
ity. If the treatment of disease detected at screening is less invasive or less
radical, or results in less morbidity than that of clinically detected disease, then
the quality of life of the screened population is improved. Correct negative
results also have a beneficial effect in that they reassure people without the
disease.

Because the aim of cervical screening is to provide a preinvasive diagnosis
of disease, there is a prolonged period of morbidity — from the time of
diagnosis at screening to the hypothetical time at which a clinical diagnosis
would have been made had the patient not been screened. This lead time,
while a prerequisite of effective screening, is an adverse effect because of the
prolongation of anxiety and morbidity due to diagnosis and treatment of
cancer.

Cases detected at screening are confirmed by standard clinical diagnostic
methods. Many such cases are borderline abnormalities, some of which would
progress to clinical disease and some of which would not, even if left untreated.
The diagnosis of carcinoma in situ and severe dysplasia results in an invasive
treatment. A proportion of these lesions would not have progressed to clinical
disease during the woman’s lifespan [1]. Any screening program will disclose
such abnormalities, which are indistinguishable from the truly abnormal cases
that will progress into the clinical phase in the absence of early treatment. One
of the adverse effects of screening is therefore the consequent treatment of
screenees with such lesions. This results in anxiety and morbidity. Also, false-
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positive screening results cause anxiety and sometimes morbidity even if later
confirmed to be benign. Conversely, a false-negative result is falsely reassur-
ing. If it results in postponement of clinical diagnosis and worsens the outcome
of treatment, screening is disadvantageous.

Many screening programs involve expensive techniques and are applied to
large populations. The total budget required for health services is thus likely to
increase if a screening program is adopted.

A decision about whether to screen requires weighing the beneficial and
harmful effects. As is general in medicine, value judgments are involved in
such weighting, so ethical issues are also closely related to screening.

2. Effectiveness

The effectiveness of screening for cervical cancer in terms of reduced inci-
dence has never been demonstrated in a randomized preventive trial. There is,
however, nonexperimental evidence on reduction in incidence of invasive
disease. Canada was the pioneer in screening for cervical cancer [1,2]. The
largest of the studies is the collaborative study coordinated by the Interna-
tional Agency for Research on Cancer [3], which showed that eradication of
the disease is an unrealistic goal and that maximal protection after a negative
smear is about 90%, which remains roughly the same during several years after
the test (table 1). This conclusion is in accordance with the results of studies on
the natural history of the disease, which have shown that most preinvasive
lesions progress to frankly invasive cancer only over several years [1].

Screening is public health policy, and the success of the whole program
must be assessed. The validity of the program depends on the screening test
used, attendance, the screening interval, and the success of referral for diag-
nostic confirmation of cases found at screening.

Much of the information on the applicability of screening for cervical can-
cer as a public health policy stems from the organized programs practiced in
the Nordic countries since the mid-1960s [4]. Most of the Nordic countries

Table 1. IARC collaborative study: reduction of incidence of
invasive cervical cancer after a negative smear by interval between
the screens and age [3,20]

Screening interval

% reduction in Number of
incidence lifetime smears
Age 3yrs 5yrs 3yrs 5yrs
20-64 91 84 15 9
25-64 90 82 13 8
30-64 85 77 12 7
35-64 78 70 10 6
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have nationwide screening programs for cervical cancer that fulfill the general
prerequisites of an organized program [5] and make it possible to follow up
each woman for the occurrence of intraepithelial cervical neoplasia and for
cervical cancer. The programs define the ages and the frequencies of screen-
ing, use personal invitations with times and places for screening, and give
personal information about the results of screening even when the smear is
negative. Screening for cervical cancer reduces the incidence of invasive dis-
ease and is applicable as public health policy, but a wide variation is seen, from
highly effective programs to relatively poor ones.

In Finland every women aged 30-55 receives a personal invitation at regu-
lar intervals (every five years) to attend. In the invitation letter, she is given an
appointment place and time. The result of the Pap test is also given by mail,
independent of whether the result is normal, suspicious, or malignant. Ap-
proximately 1,400,000 woman-years follow-up of 400,000 women, with infor-
mation on the actual (participants) or potential (nonrespondents) first
screening, were analyzed by a cohort design [6]. Among these women were the
first ones, under the national policy, to reach the first rescreening after the five-
year interval. The protective effect, in terms of reduction in the incidence of
invasive disease among the responders, was about 80% (table 2). It could be
argued that the responders were a selected group of the target population.
Usually, in a spontaneous screening program, the target population is strictly
unknown or undefined. In the organized Finnish sytem, the target population
was identified from the national population registry and received a written
invitation. The risk of cervical cancer among the total target population may
remain unchanged in spite of reduction in the risk of attenders. The ultimate
effect depends on the rate of attendance and the risk of cancer among
attenders and among nonresponders. The incidence of invasive cervical cancer
among the target population in the Finnish study, responders and non-
responders combined, was 40% of that among the controls, showing, there-
fore, a 60% protective effect due to screening. This estimate was a weighted
average of the reduced risk among the attenders and the greater risk among
the nonattenders.

While an effect of the selection by attendance described above on the
protective effect could be ruled out, there still was the problem of unbiased

Table 2. The Finnish organized mass screening program for cervical cancer in 1963-1971:
incidence [6]

Age

Screening status  30-34  35-39  40-44  45-49 50-54  S55-59  Cumulative risk

Invitees
Attenders 2 2 S 10 12 12 215
Nonattenders 19 34 37 82 68 26 1230
Noninvitees 7 20 35 46 47 46 1005
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choice of controls for the target population. When a public health policy is run,
the service is provided to everybody, and no control population remains. The
Finnish study used the total Finnish female population as controls and used
the incidence for the whole of Finland shortly before the start of the national
program as the expected risk. It can be argued that there was a decreasing
trend in the overall incidence already taking place before the start of the
program. If so, then the control rates were too high, and the estimate of the
protective effect was due to biased expected rates without any real effect due
to screening. However, the lag between the control rates and screening rates
was short and, if anything, there was an increasing trend in the overall inci-
dence of cervical cancer in all the Nordic countries, including Finland, before
the start of screening [7]. Such a trend was recently confirmed in Estonia,
where no screening has been practiced [8]. With the liberalization of sexual
mores, this result is what one would expect.

Within the organized programs, there are differences in cervical cancer
screening policies between the Nordic countries. In Finland [4], Iceland [9],
and Sweden [10], nationwide population-based organized programs have been
in operation at least since the early 1970s, whereas only a few counties in
Denmark, including the most populous ones, had organized screening pro-
grams [11,12]. The programs are run by voluntary cancer organizations in
Finland and Iceland, and by the counties in Denmark and Sweden. The recom-
mended age groups to be covered are 30-55 years in Finland (recently the
program was extended up to 60 years), 25-69 years in Iceland, and 3049 years
in Sweden. The screening intervals recommended are two to three years in
Iceland, four years in Sweden, and five years in Finland. In Denmark, the
practice varies by county, but the National Board of Health recommendation
is to have a smear every three years from the age of 23 to 59 and every five
years from 60 to 75. In Norway [13,14], only 5% of the population was covered
by an organized program. Cytological smears are, however, frequently taken
outside the organized system, by private gynecologists and elsewhere. Such
smears are taken more often than the smears in the organized programs in all
the Nordic countries with the exception of Iceland.

In the Nordic countries, about 2500 new cases of cervical cancer were
diagnosed annually before the screening programs were initiated. Since the
early 1980s, the annual number of new cases has been about 1700. Denmark
had a high incidence in the early period, its age-adjusted (world standard)
incidence being about 30 per 10° women-years; in the other Nordic countries,
the incidence was about 15, with somewhat increasing trends before the
screening programs started. In the early 1980s, the rates ranged from 15 in
Denmark downward [15].

There was a strong correlation between the extent of the organized screen-
ing program and changes in the incidence of invasive cervical cancer (table 3).
The relative reduction in the risk was steepest in Finland and Sweden and
intermediate in Denmark. In Norway the incidence rates of cervical cancer
increased up to the 1970s. During the 15-year period from 1966-70 to 1981-85,
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Table 3. Observed annual age-adjusted incidence rates (per 100,000 woman years) of invasive
cervical cancer in the Nordic countries in selected time periods: data from the Nordic Cancer
Registries [15,16]

Observed Predicted

Country 1956-1960  1966-1970  1976-1980  1983-1987  1988-2002  2008-2012

Denmark 30 30 19 16 11 11
Finland 14 14 6 4 2 2
Iceland 16 26 9 13 10 9
Norway 15 17 17 13 9 8
Sweden 18 18 10 9 7 7

Table 4. Predicted numbers of deaths from cervical cancer in 1995
and 2015 in the Nordic countries assuming no screening (without)
and the screening program as practiced in Finland (with) [18]

Year
1995 2015
Country Without With Without With
Denmark 530 90 530 40
Finland 290 70 310 30
Iceland 10 1 10 1
Norway 250 50 260 20
Sweden 470 100 480 40
Nordic 1550 310 1590 130

the incidence rates fell by 65% in Finland and 20% in Norway. The substantial
decrease in incidence from the 1960s to the 1970s in Iceland is partly because
prevalent microinvasive lesions were diagnosed during the first round of
screening in the late 1960s more frequently than in the other Nordic countries.
The rates in Iceland are subject to large random variation owing to the small
population and relatively few cases of cancer.

The most substantial reduction in the risk of cervical cancer occurred in the
age group 40-49 years of age [16], which probably came under the most
intensive screening by the organized program. Again, the reduction was high-
est in Finland (80%) and lowest in Norway (50%). The rates somewhat in-
creased at young ages, sharply decreased for the middle-aged, and were
relatively stable for the elderly. The rates for women in Iceland were unstable
owing to the small numbers.

Mortality was shown to follow closely the incidence trends in the Nordic
countries [17]. The estimates for deaths from cervical cancers prevented (table
4) are also substantial. Compared to the hypothetical no-screening option,
there was an estimated 76% reduction in the risk of death due to screening in
1995 if applied as in Finland [18].
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It seems that the differences in the trends cannot be accounted for by the
biology of the disease, but the most significant determinant of risk reduction is
how well the program is organized. A comparison of the Nordic countries
shows very little relation between the interval between the screening rounds
and reduction of risk, or very little relation between the target age range and
reduction of risk. This provides confirmation of the IARC working group
[3,19,20] conclusion on the basis of several large-scale programs that the
protective effect of screening is high for screening intervals up to five years and
for a lower age limit up to 30 years. Organized programs, as contrasted to
opportunistic ones, promote adequate quality control [21] and high atten-
dance (e.g., by personal letters of invitation and of response). High coverage
and attendance seem to be the single most important determinant of successful
screening. Opportunistic screening has problems in catching those who would
benefit most from screening. Recently Gustafsson et al. [22] suggest a more
optimistic view of the efficiency of opportunistic screening. Their conclusion
was based on detection rates of in situ carcinomas in Sweden, not on incidence
of invasive disease. Such an analysis will not provide evidence for the effective-
ness of opportunistic screening. In Finland it was confirmed by a case—control
study at the individual level that effectiveness was better for the organized
screening than for the spontaneous smear-taking activity [23].

3. Efficiency

In spite of the coverage of the total target population, screening for cervical
cancer can be relatively inexpensive; those programs with the largest effect
have been low in cost. It seems that screening starting at the age of 25 or even
at the age of 30, repeating the smears at five-year intervals, and having an
upper age limit of 60 years will provide practically maximal reduction in the
risk of cervical cancer. The program assumes 7 or 8 smears during the woman’s
lifetime. Such a program compares favorably with those that start at age 20
with annual smears, which result in a total of 40 or more tests during the
woman’s lifespan.

Screening for cervical cancer is relatively inexpensive compared also to the
economic costs of screening for cancers of other primary sites. In fact, the costs
of screening will be roughly compensated by savings due to more frequent
treatment of early disease compared to the treatment costs of cancers detected
through normal practice without screening [24].

4. Equity

Equity is the third dimension, in addition to effect and cost, in health services
activities. Often there is a tradeoff between effectiveness, efficiency, and eq-
uity. Screening for cervical cancer is an exception. As pointed out above, the
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Table 5. Age-adjusted incidence rates (per 100,000 woman years)
of invasive cervical cancer among Finnish 35-64-year-old women
in 1971-1975 and 1981-1985 by social class (I highest, IV lowest)

[26]

Social class
Period I II 111 v
1971-1975 11 19 22 28
1981-1985 8 8 9 14

effect in terms of reduction in risk is in practice inversely related to cost:
programs with a large reduction in risk are based on relatively few smears. The
Finnish program is also an example of an effective program with improvement
in equity, measured by the outcome (reduction in risk) in different population
groups. In the mid-1980s, the risk was high in remote areas and in lower social
classes. Some of the remote areas have benefited most [25], and at the same
time the social class differences were reduced. In the early 1970s, the relative
risk between the lowest and highest social class was 2.6, as compared to 1.7 in
the beginning of the 1980s. The difference in risk between social classes had
disappeared, except that the lowest class still was at higher risk than the others
(table S).

5. Conclusion

While the effectiveness of screening for cervical cancer can be relatively
reliably evaluated, some of the adverse effects are more problematic. First,
some lesions fulfill the histological criteria of malignancy but lack the malig-
nant potential to kill the woman during her lifetime, resulting in overdiagnosis
and sometimes overtreatment. The frequency of such lesions depends on the
transition probabilities from dysplasia to carcinoma in situ and from carci-
noma in situ to invasive disease. Estimating the probabilities by follow-up of
small groups of patients will inevitably lead to bias, e.g., because the diagnostic
maneuver may destroy the lesion. It is more reliable to estimate the lifetime
risks of such lesions by epidemiological means on the basis of screening
materials, and to compare the lifetime risks of invasive cancer of those with
different preinvasive lesions. More important, however, the transition prob-
abilities are a reflection more of the local diagnostic practices than of any
general biological phenomena. In Finland, the diagnostic standard adopted
results in CIN III lesions, of which one in three would have progressed into
invasive disease if left untreated [6]. In Sweden, the transition probability is
substantially smaller, after several years, the annual number of carcinoma
in situ lesions was about five times the number of invasive cancers before
screening [27].
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Second, the quality-of-life effects are poorly known and research is rare.
Often the women who attend screening do so to be reassured [28] rather than
to reduce the risk of death, i.e., the women attend because of quality-of-life
reasons. Important research on anxiety caused by invitation, a false or correct
positive test, and other quality-of-life aspects have been and are currently
being conducted, especially in the U.K. [29,30].

To screen or not to screen for cervical cancer does not depend on poor
information about biological effects or on organizational aspects. The decision
depends on balancing the effect on the length of life (which is relatively well
known and easy to establish), on the quality of life (which is poorly known and
difficult to measure), and on the cost (which again, is relatively easy to mea-
sure, but relatively poorly known). It is likely that experts give greater value or
weight to the length of life, women value the quality of life, while those
responsible for administration are cost conscious. Therefore, the decision to
establish and continue screening progams depends not only on the factual
evidence available but also on whose values of the benefits, harms, and costs
prevail.
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5. Advances in screening for colorectal cancer

Jack S. Mandel

1. Introduction

There are relatively few established etiologic factors for colorectal cancer, and
therefore primary prevention remains speculative. Diet has been most widely
studied, and results indicate that diets high in fat, meat, and protein are
positively associated with colorectal cancer, whereas diets high in vegetables,
fruits, and fibers are negatively associated [1]. Intervention studies have yet to
show that modifying diets will alter risk.

Secondary prevention through annual screening for fecal occult blood has
been shown to reduce colorectal cancer mortality [2]. This chapter provides an
overview of the scientific evidence on screening for colorectal cancer. Particu-
lar emphasis is placed on studies of fecal occult blood tests (FOBTs) and
flexible sigmoidoscopy.

The development of a fecal occult blood test for home use for colorectal
cancer screening was initiated by Greegor in 1967 [3]. Hemoccult® has been
the most widely studied FOBT, although persuasive evidence of its effective-
ness in reducing colorectal cancer mortality was not available until 1993 [2 4].

2. Screening for blood in stool
2.1. Randomized controlled trials

There are four randomized controlled trials of FOBTs (table 1). Two are
completed (Minnesota and Funen), although only one has published results to
date. In the Minnesota trial, a total of 46,551 participants aged 50 to 80 were
randomly assigned to annual screening, biennial screening, or a control group
[2,5]. Participants in the screened groups submitted six guaiac-impregnated
paper slides (Hemoccult®), two from each of three consecutive stools, while
maintaining a diet free of red meat, poultry, and fish, certain vegetables and
fruits, and discontinuing the use of vitamin C tablets and aspirin for at least 24
hours before and during the collection of the samples. Most screening tests
were rehydrated with a drop of deionized water to restore the sensitivity,

A.B. Miller (ed), ADVANCES IN CANCER SCREENING. Copyright © 1996. Kluwer Academic Publishers,
Boston. All rights reserved.



Table 1. Summary of randomized controlled trials

Minnesota, Goteborg, Nottingham,  Funen,
US.A. Sweden England Denmark
Date started 1975 1982 1981 1985
Number of participants 46,551 68,308 152,928 61,938
Age group 50-80 60-64 50-74 45-74
Screening test Hemoccult Hemoccult II*  Hemoccult Hemoccult IT
Slides rehydrated Yes Yes No No
Diet restrictions Yes Yes Yes® Yes
Frequency of screening Annual, biennial  20-24 months  Biennial Biennial
Number of screens Annual (11), 2 5 5
biennial (6)

Compliance with first 85 63 53 67

screen (%)
Rescreening 75 60 77¢ 93¢

compliance (%)
Slides positive (%)

Rehydrated 9.8 6 — —
Not rehydrated 24 1.9 2.1 0.9

Sensitivity for colorectal ~ 92d¢ 8341 688 48

cancer (%)
Specificity for colorectal ~ 90¢ 96¢ 98 99

cancer (%)
Positive predictive value  2.2¢ 5.2¢ 12.2 8.2

for colorectal
cancer (%)

2Same guaiac-based test as Hemoccult, except two samples are collected instead of one.

®On retesting after a positive test.

¢Rescreening offered only to those who complied with initial screen.

dRehydrated slides.

cFalse negatives or interval cancers defined as those occurring within one year after a negative
screen.

'False negatives or interval cancers defined as those occurring 16 to 24 months after a negative
screen.

¢False negatives or interval cancers defined as those occurring within two years after a negative
screen. Sensitivity was 65% if tests were collected over three days and 74% if collected over six
days.

which was reduced because of drying. Participants with a positive screening
test underwent a diagnostic evaluation that included colonoscopy. During the
course of the study, 81% of the test positives had a colonoscopy, 12% had
other diagnostic tests, 2% repeated the Hemoccult®, and 5% had no follow-up.

Follow-up for vital status through year 13 was 100% complete. The cumu-
lative colorectal cancer (CRC) mortality rate per 1000 population was signifi-
cantly lower in the annually screened group compared to the control group.
The cumulative CRC mortality rate for the biennial group was not significantly
decreased, due in part to an increase in the number of deaths in the early years
of the study, which was consistent with chance.

The five-year survival rate was highest in the annually screened group and
lowest in the control group. The biennial group was intermediate. The screen-
detected cases in both screening groups had the highest survival rate; the
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survival for the nonscreen-detected cases was considerably lower and similar
to the control group.

The stage distribution by study group was consistent with the mortality
results. There were twice as many Dukes D cancers in the control group as in
the annually screened group. The five-year survival for Dukes D was 2.5%,
and these cancers accounted for about one half of the colorectal cancer deaths.
Clearly, the marked reduction in Dukes D cancer in the screened group
contributed substantially to the lower colorectal cancer mortality rate.

The observed 33% mortality reduction in the annual group underestimated
the true reduction, since only 46% of the participants in the annual group
completed all of the screens; 10% did not do any screens, and 17% of the tests
were not rehydrated. In addition, about 45% of the control group received at
least one FOBT in the mid- to late 1980s through their regular physicians.
These factors resulted in a lower mortality reduction than potentially achiev-
able. The maximum reduction in fully compliant individuals might exceed
40%.

Because of the high positivity rate (10%), the question was raised as to the
independent contribution of colonoscopy in detecting nonbleeding cancers
among false positives [2]. During the 13-year period of the study, 32% of those
in the annual screened group had a colonoscopy. Many of these colonoscop-
ies were performed in the latter years of the study, when their effect on
mortality would have been small. By the ninth year of follow-up, 19% had a
colonoscopy, and the mortality reduction was 26%. Lang and Ransohoff [6],
using estimated data from the trial, inferred incorrectly that the detection of
nonbleeding cancers through random colonoscopy accounted for 35% to 55%
of the observed 33% mortality reduction. When actual rather than estimated
data were used and an error in their model was corrected, chance detection
of nonbleeding cancers (“random colonoscopy”) accounted for only 8% to
11% of the 33% mortality reduction. Detection of bleeding cancers using
Hemoccult® accounted for the remaining 89% to 92% [7].

A number of other observations support the role of FOBT in accounting for
the observed mortality reduction. The positive predictive value (PPV) for
colorectal cancer increased with the number of positive Hemoccult® tests out
of the set of six. For all polyps, the PPV for one positive test was about the
same as for six positive tests; however, for polyps more likely to bleed (>1 cm),
the PPV increased with the number of positive tests. These results suggest that
the FOBT detected bleeding lesions.

An additional finding in support of the role of FOBT was the significantly
fivefold greater cumulative colorectal cancer incidence rate among those with
a positive FOBT on the first screen compared to those with a negative FOBT
on the first screen or those in the control group.

Three other randomized clinical trials of FOBT are still in process. In
Goteborg, Sweden, 68,308 people born between 1918 and 1931 were randomly
allocated to a control or a screen group [8-11]. The screen consisted of three
Hemoccult II® guaiac-impregnated paper tests prepared by taking two
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samples from each of three consecutive stools while maintaining a diet free of
peroxidase-rich vegetables, food containing blood, and vitamin C and iron
supplements. One rescreen was conducted 20 to 24 months after the initial
screen. Half the slides from the first screen and all the slides from the second
screen were rehydrated. The examination of test-positive screenees included a
digital rectal examination, proctoscopy, 60-cm sigmoidoscopy, and a double-
contrast barium enema.

Following the two screens, there were 117 colorectal cancers and 419
adenomas diagnosed among screen group participants and 44 cancers and 51
adenomas among control group participants [11]. Significantly more Dukes A
cancers and significantly fewer Dukes D cancers were found in the screen
group than in the control group. In the follow-up period after screening ended,
fewer cancers and adenomas were diagnosed in the screen group. There were
no differences in the Dukes distribution for screen- and control-group cancers
diagnosed during the follow-up period. To date, no reduction in CRC mortal-
ity has been reported.

In the Nottingham Colorectal Cancer Screening trial, which started in 1984,
152,928 men and women aged 50-74 were enrolled and randomized [12-16].
Compliers with the initial screen (53%) were rescreened every two years with
Hemoccult®. Initially, tests were carried out over three consecutive days with-
out dietary restrictions. After 1985, participants with a positive screening test
repeated the screening test over a six-day period while excluding red meats
and vegetables high in peroxidase from their diet. The diagnostic protocol
included a digital rectal examination, 60-cm sigmoidoscopy, and double-
contrast barium enema. Later in the study, those with a second positive screen-
ing test were colonoscoped. Subjects with a negative second test prepared
while on a restricted diet were asked to repeat the test later while maintaining
a restricted diet.

The proportion of Dukes A cancers was significantly lower in the control
group (14%) than in the screen-detected cases (47%) and in the entire
screened group (28%). The proportion of Dukes D cancers was significantly
higher in the control group (21%) than in the screen-detected group (6% ), but
similar in the entire screened group [15]. The trial is still in progress, and
mortality data are not yet available.

In Funen, Denmark, 61,938 residents, aged 45 to 75, were randomly as-
signed to a biennial screen or a control group [17-22]. Six Hemoccult II® slides
were obtained from three consecutive stools while participants maintained a
restricted diet consisting of no red meat or fresh fruit and abstained from using
iron supplements, vitamin C, aspirin, or other nonsteroid antirheumatics dur-
ing the three-day testing period.

There were five screens at two-year intervals. Only compliers with the
initial screen (67 %) were invited to participate in a subsequent screen. Those
with a positive screening test were colonoscoped. There were 20% fewer
colorectal cancer deaths among screen-group participants than among control-
group participants. When the deaths were divided among those which oc-
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curred in subjects screened and those in nonresponders, the disparity in-
creased. The proportion of CRC deaths among screenees, nonresponders, and
control group participants was 0.17%, 0.34%, and 0.30%, respectively.

There was a greater percentage of Dukes A cancers in the screened group
than in the control group (25% versus 9% ). There was a more favorable stage
distribution among screen-detected cancers (51% Dukes A, 6% Dukes D)
than among interval-detected cancers (18% Dukes A, 22% Dukes D), cancers
in nonresponders (11% Dukes A, 41% Dukes D), and cancers among control-
group participants (9% Dukes A, 24% Dukes D). Interval cancers were gen-
erally larger than screen-detected cancers, and cancers <2 cm occurred more
often among those that were screen detected.

The number of study participants in the trials ranged from 46,551 to 152,928
(table 1). All the trials used a fecal occult blood test with dietary restrictions.
In Nottingham, the dietary restriction was utilized only on retesting of initial
test positives. Minnesota and Goteborg rehydrated most of the slides, which
resulted in a higher positivity rate, higher sensitivity, lower specificity, and a
lower positive predictive value. Compliance varied considerably, from 53% in
Nottingham to 85% in Minnesota on the first screen and from 41% in
Nottingham to 75% in Minnesota on rescreening when all randomized partici-
pants are considered. Screening intervals varied as well. Minnesota screened
annually and biennially. The other trials were essentially biennial intervals
(Goteborg was 20 to 24 months). There was a wide variation in positivity rates
(1.0% to 9.8%), which was due to at least two factors, namely, the age groups
tested and rehydration of the tests. The latter was the more significant con-
tributor to the positivity rate.

Minnesota is the only study to date that has published a mortality reduction.
Through 13 years of follow-up, there was a statistically significant 33% reduc-
tion in colorectal cancer mortality in the annual group compared to the control
group [2]. The results from the Danish trial, showing a significant 20% mortal-
ity reduction, have been presented but not published [22].

2.2. Nonrandomized controlled studies

There are two prospective controlled but nonrandomized FOBT studies; one
in the Burgundy area of France [23,24] and one in New York, U.S.A. [25,26].

The Burgundy study, initiated in 1988, involved 91,000 participants aged 45
to 74 years [23,24]. All residents of certain towns and administrative districts
were offered the screening test; residents of the neighboring areas were not
offered the screening test.

The first screen was conducted in 1988 and 1989, the second took place in
1990, and the third was scheduled to be conducted two years following the
second. Participants completed Hemoccult® tests from three consecutive
stools without adhering to any dietary restrictions. Those with a positive
screening test were offered colonoscopy. This study is still ongoing, and results
are not yet available.
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A controlled nonrandomized study conducted between 1975 and 1984 by
the Memorial Sloan-Kettering Cancer Center in collaboration with the Pre-
ventive Medicine Institute (PMI)-Strang Clinic in New York was designed
to evaluate the effectiveness of FOBT as a supplement to 25-cm rigid
sigmoidoscopy [25,26].

Between 1975 and 1979, 21,756 clinic patients over the age of 40 were
enrolled. There were two groups of patients coming to the clinic; one that
responded regularly to reminders for annual checkups (Regulars) and another
that came for single visits, often because of specific health concerns (First
Timers).

The Regulars and First Timers were separately allocated, based on enroll-
ment date, to study and control groups. The study group prepared three
Hemoccult® tests while adhering to a meat-free, high-bulk diet for one day
prior to, and for three days during, slide preparation. Participants with a
positive FOBT received double-contrast barium enema and full colonoscopy.
All study participants underwent the standard PMI-Strang Clinic examination
at enrollment, which included a 25-cm rigid proctosigmoidoscopy. Those with
a polyp 3mm in size or larger were referred for colonoscopy.

The prevalence rate of colorectal cancer was higher in the study groups than
in control groups, whereas incidence rates were approximately equal. For the
prevalent cancers, there was a greater proportion of Dukes A and a smaller
proportion of Dukes D in the study groups compared to the control groups.
The stage distribution was more similar for incident cancers, which was prob-
ably due to the low compliance, which resulted in very few screen-detected
cancers.

Survival was significantly better (70% versus 48%) for the First Timers
study than the control group. There was no difference between the Regulars
study and control groups. There was a 43% reduction (p =0.053) in colorectal
cancer mortality between the First Timers study and the control group. This
mortality reduction occurred among all age groups, but was somewhat greater
among those over 65 than those under 65 years of age.

Four case-control studies on FOBT have also been published [27-30].
Despite the potential problem of selection bias in case—control studies of
cancer screening, these studies can nevertheless be considered in evaluating
whether the results generally support findings from randomized controlled
trials.

A case-control study of FOBT screening conducted at the Kaiser
Permanente Medical Care Program (KPMCP) of Northern California in-
cluded 486 cases who were members age 50 or over, who were diagnosed with
colorectal adenocarcinoma between 1981 and 1987, and who subsequently
died from the disease before December 1988 [27]. Controls matched to the
cases on age, sex, and date of health plan entry were randomly selected from
KPMCP membership lists. For 96 cases with distal location of the colorectal
cancer, four controls were selected for a separate analysis of screening
sigmoidoscopy. An adjusted odds ratio of 0.69 (95% CI, 0.52-0.91) was ob-
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served for exposure to at least one screening FOBT during the five-year
interval prior to diagnosis.

A population-based case—control study of FOBT was conducted in the
Saarland in Germany in men and women aged 45 years or over [28]. The
FOBT was introduced in the Federal Republic of Germany in 1977 and was
offered to all men and women aged 45 years or over. There were 429 cases,
aged 55-74 years, who died between 1983 and 1986 and who were initially
diagnosed with colorectal cancer between 1979 and 1985. Up to five age-
matched controls were identified from the files of the physician of the corre-
sponding case. Thirteen percent of male cases and 14% of male controls had
at least one asymptomatic FOBT 6 to 36 months prior to diagnosis (odds ratio
=0.92;95% CI, 0.54-1.57). For the same prediagnostic period, 16% of female
cases and 29% of female controls had at least one asymptomatic FOBT (odds
ratio = 0.43; 95% ClI, 0.27-0.68). For the period 12 to 36 months prior to
diagnosis, the corresponding odds ratios were 0.73 (95% CI, 0.40-1.32) for
men and 0.40 (95% CI, 0.25-0.65) for women. Thus, there was an 8% to 27%
nonsignificant benefit for men and a 57% to 60% significant benefit for
women.

Newcomb et al. [29] conducted a case—control study using 66 members
of the Greater Marshfield Community Health Plan who died of colorectal
cancer from 1979 to 1988 and 196 members matched on gender, age, and
enrollment duration whose records were reviewed for a history of screening
for colorectal cancer. Only screening tests done in the absence of symptoms
were considered.

FOBT screening was not associated with a lower colorectal cancer mortality
(odds ratio = 1.15; 95% CI, 0.93-1.44). However, only 21% of the cases and
16% of the controls received multiple-slide evaluation of stool. Most screening
was done on a single sample obtained during a digital rectal examination.

In the Puget Sound case-control study, cases were members of an HMO
who died of colorectal cancer [30]. Matched controls were randomly selected
from a list of HMO members. The odds ratio for those ever screened was (.71
(95% CI, 0.50-1.00) for home use of FOBT and 0.95 (95% CI, 0.67-1.36) for
office use of FOBT.

There is now evidence from two randomized controlled clinical trials, a
prospective nonrandomized study, and three case-control studies that screen-
ing for FOBT with Hemoccult® can reduce colorectal cancer mortality from
20% to 57% (table 2). The Marshfield study is the only published study that
did not find a benefit from FOBT. As mentioned earlier, the FOBTs were
primarily single tests done as a part of a digit rectal examination.

The results from the two randomized controlled trials are particularly note-
worthy, since these type of studies provide the strongest evidence of screening
effectiveness. The Minnesota trial found a 33% colorectal cancer mortality
reduction, which was diluted by noncompliance. With fully compliant study
groups, the mortality reduction would have been greater. To achieve this
reduction, the Minnesota trial used mainly rehydrated screening tests with a
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Table 2. Results from studies of FOBT

Results in screened group relative to control group

Study Mortality Survival Staging
Randomized controlled trials

Minnesota, U.S.A. 33% reduction? Improved Favorable shift

Funen, Denmark 20% reduction® Improved Favorable shift

Nottingham, England Pending Improved Favorable shift

Goteborg, Sweden Pending Improved Favorable shift
Prospective controlled trials

New York, U.S.A. 43% reduction® Improved Favorable shift

Burgundy, France Pending Pending Pending
Case-control studies

Saarland, Germany 57% reduction®

Marshfield, U.S.A. 0% reduction®

California, U.S.A. 31% reduction?

Puget Sound, U.S.A. 29% reductiond

* Statistically significant.

bp =0.053

¢80% of FOBTSs done as digital rectal and not as routine screening.
435% reduction (p < 0.05) for those age <75.

positivity rate of 10%, offered 11 screens annually, and averaged 75% compli-
ance with each screen. About 45% of control-group participants had at least
one FOBT. In contrast, the Danish trial, which had about a 20% mortality
reduction, used nonrehydrated screening tests with a positivity rate of 1%,
offered five screens biennially, and averaged less than 60% compliance with
each screen. This result is also diluted by noncompliance, although somewhat
less so than the Minnesota trial because screening among control-group par-
ticipants was rare in the Danish trial. From these studies, it appears that the
range in the benefit from screening is from about 20% to about 40%, depend-
ing on the frequency of screening (biennial versus annual), the number of
screens (5 to 11), and the processing of the test (nonrehydrated versus hy-
drated). It is clear, therefore, that the weight of evidence supports a recom-
mendation for screening with the Hemoccult® test. Although there are
preliminary data that FOBTs other than Hemoccult® may be more sensitive
and specific, only Hemoccult® has been properly evaluated to date.

2.3. Fecal occult blood tests

The three principal types of fecal occult blood tests are immunochemical,
hemeporphyrin, and guaiac (for example, Hemoccult®). Immunochemical
or immunological tests are generally qualitative tests, utilizing antibodies
directed against the intact globin moiety of human hemoglobin and possibly
also against large fragments of globin [31]. They are the most selective of the
three types of FOBTSs in that they detect only hemoglobin and globin, and
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perhaps early degradation products of globin. They are not affected by dietary
factors.

A number of studies have evaluated immunochemical tests in selected
groups of individuals [32-39]. Although preliminary data are promising, there
is insufficient evidence to recommend any of the immunochemical tests for
mass screening. Nevertheless, Japan, in 1992, under the auspices of the Health
and Medical Services Law for the Aged, implemented colorectal can-
cer screening using a two-day immunological FOBT [40]. The basis for the
recommendation was the result from an unpublished case-control study by
Hisamichi that found an odds ratio of 0.36 (95% CI, 0.19-0.68).

Recently a case-control study in Japan by Sato et al. [41] indicated
that screening using a one-day immunochemical hemagglutination test
(HemeSelect) resulted in a 50% to 60% reduction in colorectal cancer mortal-
ity. Descriptive studies evaluating test performance suggest that the immu-
nochemical tests are more sensitive and more specific than other types of
FOBTSs [32,33,36,38,42,43]. Further study is needed to establish that these tests
are superior to the guaiac tests for colorectal cancer screening.

The hemeporphyrin tests detect the broadest range of blood derivatives,
namely de-ironed hemes (heme-derived porphyrins) as well as intact heme
in any form (free or as hemoprotein). HemoQuant is a biochemical method
for the assay of fecal heme and its degradation products in stool [44]. This
test showed early promise [44-46]; however, more recent studies have shown
that this test is probably less sensitive and less specific than Hemoccult®,
and therefore its use for colorectal cancer screening is not recommended
[38,47,48].

The performance of any given type of FOBT in a screening program is
likely to be dependent on the nature of blood derivatives present in the feces
in a given clinical situation [49]. Only the guaiac tests (namely, Hemoccult®)
have been sufficiently studied so that enough data are available on which to
base a recommendation for screening.

Guaiac tests, which detect heme in any form provided that the iron has not
been removed from the porphyrin ring, will react to any peroxidase. Heme,
an iron compound of protoporphyrin, constitutes the pigment portion or pro-
tein-free part of the hemoglobin molecule. Its fate in the gut is not well
understood. However, fecal excretion of heme can be an indicator of gas-
trointestinal mucosal pathology [50]. The amount excreted will depend on the
balance between the amount delivered to the lumen, including that which is
present in the diet as myoglobin and hemoglobin, and its loss from the lumen
[51].

In the stomach, heme is rapidly released from the binding protein and
precipitated. In small intestine it is solubilized, and about 5% to 15% is
absorbed [50]. Globin (a protein from hemoglobin) is rapidly digested in
stomach and small intestine. The majority of heme presenting to the upper gut
is passed to the colon. Hemoglobin, which enters the large intestine from
bleeding in the upper gastrointestinal tract, either remains whole and is ex-

59



creted as intact hemoglobin in the feces or undergoes proteolytic digestion of
the globin to become heme [49].

Protoheme, heme coming from the ileum or from hemoglobin, is either
excreted in the feces as intact heme or converted by bacteria to a range of
heme-derived porphyrins lacking iron [49]. This conversion is a slow and
incomplete process, and the amount converted in this way depends on colonic
transit rate, site of bleeding, and amount of luminal heme [51]. In addition to
the removal of iron, bacterial activity can cause modifications of the vinyl side
chains of heme to produce various iron—-porphyrin derivatives that are ex-
creted in the feces [49]. As a consequence, feces contain variable proportions
of heme and heme-derived porphyrins [51].

From in vivo and in vitro studies, it is possible to predict the nature of
hemoglobin derivatives likely to be found in feces, based on the site of bleed-
ing [49]. The more proximal the bleeding, the more likely are heme-derived
porphyrins to be the principal products. The more distal the bleeding, the
more likely it is that intact hemoglobin will be present in the feces.

Many conditions can result in blood in stool. These include cancer, polyps,
peptic ulcers, hemorrhoids, and diverticulitis [49]. Normal individuals lose 0.5
to 2.0ml/d blood per day [52]. Patients with colorectal cancer or adenomatous
polyps generally (but not always) lose more blood, but not all cancers and
polyps bleed, nor is the blood evenly distributed in stool [46,53-56]. Further-
more, detectable bleeding tends to be intermittent [57]. Blood loss from
colorectal cancer and polyps is greater in right- than left-sided lesions, is higher
in patients with Dukes C or D cancers than in patients with Dukes A or B
cancers and is higher in patients with larger than smaller adenomas [33,58-60].

Reported sensitivities of Hemoccult® for colorectal cancer varied from 26 %
to 92% [10,48,54,56,61-67]. Most of the studies have shown sensitivity values
of 65% or greater for colorectal cancer [63]. Other guiaic tests have shown
similar sensitivities [68]. For rehydrated Hemoccult®, sensitivities were be-
tween 83% and 92% [10,58,66]. Sensitivity of Hemoccult® for adenomatous
polyps is lower, ranging from 15% to 30% for all polyps, but higher for larger
polyps [38,47,63,69]. Jahn et al. [70] found that Hemoccult® was positive in
20% of patients with adenomas 10 to 19mm in size and 40% in adenomas
greater than 20mm.

The wide range in sensitivity values is not surprising. Hemoccult® is a test
for blood in the stool. It is not a direct test for cancer or polyps. Virtually all
cancers and some polyps eventually bleed. Bleeding is intermittent, and the
blood is not evenly distributed throughout stool. Therefore, a test for blood in
stool should identify most cancers and some polyps if it is applied repeatedly
with multiple samples to overcome the intermittent bleeding and the unequal
distribution of blood in stool. The more samples that are taken, the greater is
the likelihood of detecting the bleeding. The evidence reviewed above shows
that screening annually — three to six tests each time for a number of years —
is likely to lead to detection of the lesion early enough to significantly reduce
the probability of death.
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The Minnesota study applied the Hemoccult® test annually to an average
risk-asymptomatic population [2]. The high sensitivity for colorectal cancer
in the study (80% for nonrehydrated Hemoccult® and 92% for rehydrated
Hemoccult®) is not surprising, given the frequent application of the test (11
annual screens, 6 tests at each screen) and the population screened (age 50 to
80). Cancer screening tests are generally recommended for repeated (e.g.,
annual) application. Because the transition from normal mucosa to invasive
carcinoma takes many years [71,72], repeat screening increases the probability
of detecting a lesion and the probability of detecting it early enough to reduce
mortality.

Specificity refers to the ability of the test to identify those without the
disease of interest (true negatives). False positives are costly because of
the unnecessary diagnostic procedures. The specficity of Hemoccult® for col-
orectal cancer is 97% to 98% [62,63,66,73]. It is lower (90%) for rehydrated
slides [66].

Many foods, including red meats, have peroxidase-like activities that can
cause false-positive results on screening tests. Dietary recommendations for
fecal occult blood testing vary from no restriction to exclusion of all types of
meat or red meat plus uncooked fruit and vegetables [61,62,74]. Overall, the
results from the studies of diet indicate that foods can interfere with the test
and, therefore, dietary restriction just before and during the testing period
should be recommended.

3. Screening for adenomatous polyps

Screening with 60-cm flexible sigmoidoscopy has received considerable at-
tention [75-78]. The rationale for using this procedure relates to the direct
visualization and subsequent removal of neoplastic lesions to prevent the
development of cancer (in the case of polyp removal) or to prevent the
progression of cancer (in the case of cancer removal). The underlying assump-
tion to support this approach is that most, and perhaps all, cancers arise
from polyps, and therefore removal of polyps, along with continued surveil-
lance to identify and remove new or recurrent polyps, will prevent cancer.
The data in support of this hypothesis are speculative but reasonably
persuasive.

3.1. Adenoma-carcinoma sequence

The idea that the majority of colorectal cancers evolve from benign adenomas
goes back many years [79-84]. Dukes was among the first to comment, in 1925,
on the malignant potential of villous and adenomatous polyps [85]. Even
though the evidence is indirect, most investigators believe that the majority of
colorectal cancers arise from adenomatous polyps [86-92]. The malignant
potential of adenomatous polyps varies with size (cancer is rare in polyps less
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than 1cm) and histology (villous pattern has the most malignant potential)
[81,93-98].

It has been hypothesized that colorectal cancer evolves through a sequence
of stages beginning with carcinogens acting on a genetically susceptible mu-
cosa and resulting in a hyperproliferative state, followed by a series of on-
cogene mutations and chromosome deletions [83,99]. This leads to a precursor
adenoma, successive stages of dysplasia, and then invasive cancer.

The evidence for the adenoma-carcinoma sequence is indirect, since
adenomas are generally resected when discovered rather than left intact and
observed to determine their natural history [92]. The present belief that all
polyps, at least those greater than Smm, should be removed makes it impos-
sible to design a randomized trial to better understand the physiologic process.

The de novo origin of cancer has received more attention in recent years
[90]. Some carcinomas appear to have arisen out of flat mucosa and in the
absence of adenomatous tissue [100-103]. These lesions are rare [86,87], par-
ticularly within the rectum and sigmoid colon. However, there may be two
pathways in the development of colorectal cancer, one in which the malig-
nancy develops through benign polypoid growth (the “adenoma-carcinoma
sequence”) and one in which dysplastic epithelium grows invasively directly
from flat mucosa (“de novo”) [90].

It takes about 10 years to develop invasive cancer, and at least five years
for an adenoma to develop into a cancer [71,72]. The interval is shorter for
a single adenoma and longer for multiple adenomas, adenomas with infiltrat-
ing cancer, or significant dysplasia. The natural history of 5 to 10 years for
the adenoma-carcinoma sequence was suggested by several early studies
[81,104,105].

The observations that the prevalence of both adenomas and colorectal
cancers increases with age and that colorectal adenoma prevalence at autopsy
is correlated with colorectal cancer incidence has lent credence to the
adenoma-carcinoma theory [83,86,90-92]. Adenoma prevalence was first as-
sessed in 1947 with a study of 1460 consecutive autopsies in which the entire
bowel was examined [106]. Since then, many autopsy surveys have been con-
ducted [107-125].

The frequently repeated demonstration of foci of invasive cancer in
adenomas has provided the strongest evidence for the premalignant nature of
adenomas [81,90,126]. Residual adenomatous tissue adjacent to a carcinoma
provides only circumstantial evidence for the adenoma-carcinoma concept
[86]. The natural history of familial polyposis coli also supports the adenoma
to carcinoma sequence (see chapter 12, this volume).

The biological changes observed in the development of neoplasia generally
reflect alterations in cell proliferation or the regulation of cell proliferation
[92]. Many such changes associated with colorectal cancer also have been
found in adenomas. Abnormal activation of small ras oncogenes has been
demonstrated in both colorectal carcinomas and in colorectal adenomas
[127].
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The adenoma-carcinoma sequence is also supported by genetic studies that
have shown in vitro transformation of benign cell lines to malignant cells.
Fearon and Vogelstein’s [128] hypothesis of colorectal carcinogenesis postu-
lated a sequence of genetic alterations involving the mutational activation of
an oncogene coupled with the loss of several genes that normally suppress
tumorigenesis. Initially, there is a chromosome 5 and ras oncogene mutation,
then chromosome 18 loss resulting in severe dysplasia in adenomas, and finally
chromosome 17 loss before progression to invasive carcinoma.

Genetic studies have shown that cancer cells arising within an adenoma
exhibited the identical molecular alterations as the adenoma cells, but in
addition acquired mutations that were presumably critical for the malignant
phenotype [129]. This latter point is one of the stronger arguments that colon
carcinomas derive from preexisting adenomas [91].

Tierney et al. [88] concluded that even though colorectal adenomas lack the
capacity for invasion or the metastatic characteristics of a malignant lesion,
they shared, to various degrees, the anaplastic characteristics of carcinoma.
The loss of cellular control mechanisms in both adenomas and carcinomas is
reflected by abnormalities in DNA ploidy, enzymatic activities, expression of
carcinoembryonic antigen, and composition of mucin. Neugut et al. [92] con-
cluded there was some evidence for the following abnormalities in both
adenoma and carcinomas: DNA aneuploidy, cell kinetics, enzyme activity and
expression, carcinoembryonic antigen expression, and presence of abnormal
blood group antigens on cancer cell surfaces.

Further support for the adenoma-carcinoma sequence is derived from fa-
milial studies that have shown that adenoma patients were more likely to have
a family history of colon cancer than controls [130] and that cancer patients
were more likely than controls to have a family history of adenomas [131-133].
Data from colonoscopy screening programs of individuals with a family his-
tory of colorectal cancer showed that the prevalence of adenomas varied from
12% to 27% [129,131,134-140]. Age-specific prevalence rates of adenomas in
high-risk individuals were up to twice the rates in average-risk individuals
[140].

Incidence data on adenomas are scarce. A recent study of all patients
undergoing colonoscopy in three New York practices found that the cumula-
tive incidence rate of adenomas at 36 months was 16% [141]. In this study, an
incident case was defined as a patient with no abnormality on the index
colonoscopy and an adenoma on the follow-up colonoscopy. The study pa-
tients were not, however, average-risk patients, since most had some indica-
tion to warrant colonoscopy. Furthermore, only 20% of the patients with an
initial normal colonoscopy underwent a follow-up colonoscopy. Most did so
because of persistent, recurrent, or new symptoms.

Cannon-Albright et al. [142] found a distal adenoma incidence rate of 12%
in spouses of individuals who were screened because of their family history of
colorectal cancer. Eighty-five percent of the spouses, aged 30 to 81 with no
history of colorectal cancer or polyps or inflammatory bowel disease, were
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examined using 60-cm flexible sigmoidoscopy. The incidence was somewhat
higher in men (14%) than women (10%).

Adenomas are considerably more common than carcinomas. Only a small
proportion (about 10%) of adenomas give rise to carcinomas [90,143]. The
larger adenomas (=1cm) are more likely to evolve into carcinomas [81].
Recurrence rates of adenomas range from 15% to 60% [92,141,144-148]. The
most recent data indicate a three-year recurrence rate of about 30%. Removal
of polyps and ongoing colonoscopy surveillance appear to reduce the inci-
dence of colorectal cancer [64,71,72,98,149].

The National Polyp Study (NPS), a multicenter prospective randomized
trial, was designed to evaluate follow-up surveillance strategies in patients who
have undergone polypectomy for the control of large bowel cancer [64,71,72].
After colonoscopy, patients were excluded if they had no polyps, non-
adenomatous polyps, malignant polyps, a sessile adenoma larger than 3cm in
diameter, or colorectal cancer. Of the 9112 referred patients, 6480 became
ineligible at this stage. The remaining 2632 patients had one or more adenomas.

A total of 1418 patients with at least one histologically documented
colorectal adenoma who had undergone a complete colonoscopy during which
all identified polyps were removed were randomly assigned to more frequent
follow-up (1 and 3 years after initial polypectomy) or less frequent follow-up
(3 years) with colonoscopy and barium enema.

The expected number of colorectal cancers in the study cohort, based on
three difference reference groups (Mayo Clinic, St. Mark’s, and SEER rates)
were 48.3,43.4, and 20.7, respectively. The observed number (n =5) of incident
colorectal cancer in the study cohort was significantly lower (p < 0.001) than
the expected number. The standardized incidence ratio was 0.10 (95% CI,
0.03-0.24) for the Mayo Clinic group, 0.12 (95% CI, 0.04-0.27) for the St.
Mark’s group, and 0.24 (95% CI, 0.08-0.56) for the SEER group.

The authors concluded that the significantly reduced incidence of colorectal
cancer provided evidence of the progression of adenoma-carcinoma sequence
and of the effectiveness of the current practice of removing adenomatous
polyps in the colon. The follow-up period in this study was relatively short,
given the natural history of the development of colorectal cancer. Additional
follow-up is needed before a definitive conclusion can be reached.

The Funen Adenoma Follow-up Study was designed to reduce the inci-
dence and mortality of colorectal carcinoma in adenoma patients [149]. A total
of 1042 patients with colorectal adenomas were allocated to different
colonoscopy follow-up intervals ranging from 6 to 48 months. There were 1689
colorectal adenomas removed in 1042 patients. One hundred and eighteen
patients had severe dysplasia in one or more adenomas. Of 1689 adenomas,
122 showed severe dysplasia. Size, structure, and anatomic location were
independent risk factors for severe dysplasia. The adjusted odds ratio was 9.3
for adenomas of 10-19mm and 25.2 for adenomas of 20mm or more relative
to small adenomas. Adjusted odds ratios were 1.9 (95% CI, 1.2-3.0) for
tubulovillous adenomas and 2.3 (95% CI, 0.7-7.3) for villous adenomas rela-
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tive to tubular adenomas. The adjusted odds ratios for anatomic location were
0.7 (95% ClI, 0.4-1.0) for the sigmoid colon, 0.4 (95% CI, 0.1-1.6) for the
descending colon, and 0.2 (95% CI, 0.1-0.7) for the right colon relative to the
rectum.

The St. Mark’s Hospital study evaluated the subsequent risk of colorectal
cancer following removal of rectosigmoid adenomas [98]. Over 2000 symptom-
atic patients who underwent excision of one or more rectosigmoid adenomas
were followed for up to 30 years to determine their incidence of colorectal
cancer. The incidence of rectal cancer was similar to that in the general
population (standardized incidence rate = 1.2; 95% CI, 0.7-2.1); however,
those with a rectosigmoid adenoma that was tubulovillous, villous, or over
lem had 3.6 times (95% CI, 2.4-5.0) the risk of developing colon cancer.
Those with multiple rectosigmoid adenomas had 6.6 times (95% CI, 3.3-11.8)
the risk of developing colon cancer. Those with only small tubular adenomas
(43% of the case group) had no increased risk of colorectal cancer. The
authors postulated that a one-time flexible sigmoidoscopy followed by
colonoscopic surveillance of those with an adenoma would prevent 550
colorectal cancer cases and 3500 deaths each year in the U.K. However, this
estimate was dependent on achieving a compliance rate of 65%.

Removal of adenomas and subsequent colonoscopic surveillance should
reduce the incidence and mortality of colorectal cancers. However, FOBT is
not a sensitive enough test for adenomas because most adenomas do not
bleed.

3.2. Flexible sigmoidoscopy

Flexible sigmoidoscopy (60cm) has the obvious advantage of direct visualiza-
tion of adenomas but the disadvantage of examining only the distal portion of
the colon. There has not been a randomized controlled clinical trial to demon-
strate the effectiveness of this procedure as a screening procedure, yet it is
recommended based on mathematical modeling or observational (mainly
case—control) studies [76,150], despite the biases with these types of studies
[151-153]. Atkin et al. [154] suggest that a one-time flexible sigmoidoscopy at
about age 55 could reduce colorectal cancer mortality by about 45%. They
propose a randomized trial to evaluate their hypothesis. Such a trial is nec-
essary to provide definitive evidence of the effectiveness of flexible
sigmoidoscopy screening. The current Prostate, Lung, Ovarian, and Colorectal
Screening Trial, a randomized controlled screening trial in men and women
age 55 to 74, should provide definitive evidence as to whether screening an
asymptomatic average risk population with 60-cm flexible sigmoidoscopy can
significantly reduce colorectal cancer mortality. Results from this trial will not
be available for at least eight years.

A few observational studies provide data on the potential benefit of
sigmoidoscopy screening. Gilbertsen [155,156] reported on a long-term follow-
up of rigid proctosigmoidoscopies of 21,140 adenomatous polyp patients at-
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tending a cancer detection center. No rectal cancer deaths were found; how-
ever, the study was biased, since the initial rectal cancers were inappropriately
excluded [157].

In the Kaiser-Permanente Multiphasic Checkup Evaluation Study [158],
5156 persons aged 35 to 54 years were offered an annual comprehensive
screening examination that included a 25-cm rigid sigmoidoscopy for those age
40 and older. A group of 5557 persons assigned to the control group were not
encouraged to take any of the tests but were free to do so as part of the Kaiser
program. Deaths among the study and control members were ascertained
through 1982 by follow-up through the Kaiser records and by matching names
of subjects who left the plan against California death records.

Early in the study, there was a lower colorectal cancer mortality rate in the
study than control group [159]. By the sixteenth year (1980), there were 12 and
29 colorectal cancer deaths in the study and control groups, respectively,
and a stage shift toward earlier cancers in the study group [160]. More
sigmoidoscopies were performed on the study group than on control-group
members (8.1% vs. 5.2%); however, there was no difference in the frequency
with which polyps were removed. The authors concluded that if sigmoidos-
copy screening accounted for the mortality reduction, it was due to early
detection of cancer rather than to the removal of premalignant adenomas.

Selby et al. [161], in reexamining 8891 medical charts to reconstruct rel-
evant histories that had been erased from computer tapes, concluded that
sigmoidoscopy did not account for the reduction in the study-group colorectal
cancer incidence because there was no group difference in the rate of detec-
tion or removal of polyps; the incidence of colorectal cancer was similar to that
expected based on general population data; the mortality difference could be
related to small differences in screen-detected cancers, which could be ex-
plained by chance, lead time, or length bias; most tumors in both study and
control groups were detected because of symptoms, rather than by screening
of asymptomatic individuals; the slight improvement in the stage distribution
in the study group was not related to screening sigmoidoscopy; and the ab-
sence of a substantial difference in sigmoidoscopy between the two groups.
The apparent benefit to the study group may have been due to a chance
difference between the groups in the prevalence of risk factors for colorectal
cancer and the probability of the development of colorectal cancer and thus
death from colorectal cancer in the two groups [157].

From two case—control studies it was concluded that a single screening
sigmoidoscopy could reduce mortality from cancers of the rectum and distal
colon by between 59% and 79% [29,162].

At Kaiser Permanente Medical Care Program (KPMCP) of northern Cali-
fornia, cases identified from the Surveillance, Epidemiology and End Results
Registry (SEER) were plan members 45 years of age or older diagnosed with
colorectal cancer between 1971 and 1987, and who died of the cancer by the
end of 1988 [162]. Deaths were ascertained from registry information or by
linking the case file to the California death records. This system of case
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ascertainment would miss eligible cases who left the area before their cancer
was diagnosed, deaths among ascertained cases that occurred outside of Cali-
fornia, and deceased cases who did not match the California vital statistics
records because of an error in matching variables. It has been estimated that
the Kaiser system of matching cases to vital records missed between 8% and
18% of deaths [160].

There were 261 deaths that could have been detected by rigid sigmoidos-
copy, i.e., cancers of the rectum or rectosigmoid and cancers of the sigmoid
colon that were visualized by rigid sigmoidoscopy or described as within 20cm
of the anus in pathological or surgical reports. A random sample of 268 fatal
cancers that were above 20cm was selected from the remaining cases for
separate analysis.

Matched (age, sex, date of entry into the health plan) controls were selected
from the health plan membership lists. Controls had to be alive and a member
of the health plan when the matched cases died. However, it was not apparent
if cases had to be members of the health plan until the time of their death. If
not, a bias may have been introduced.

Significantly fewer cases than controls had one or more screening rigid
sigmoidoscopies during the 10-year period immediately before the onset of
symptoms or the screening test (adjusted odds ratio =0.41; 95% CI, 0.25-0.69).
There was no evidence of screening efficacy for the 268 cases with cancer
beyond the reach of the rigid sigmoidoscopy (adjusted odds ratio = 0.96; 95%
CIL, 0.61-1.50).

This study showed that sigmoidoscopy screening could reduce colorectal
cancer mortality by about 30%, assuming that 50% of the colorectal cancers
and adenomatous polyps arise within reach of the flexible sigmoidoscope.

Newcomb et al. [29] conducted a case—control study of 66 cases who were
members of the Greater Marshfield Community Health Plan (GMCHP) who
died of colorectal cancer from 1979 to 1988 and were enrolled in the health
plan at least 12 months prior to diagnosis. Controls were 196 randomly se-
lected GMCHP members of the same gender, similar age, and enrollment
duration.

The risk of death from colorectal cancer was reduced among individuals
having had a single screening sigmoidoscopy (odds ratio = 0.21; 95% CI, 0.08-
0.52). The reduction in cancer mortality risk appeared to be limited to cancer
of the rectum and distal colon.

The authors noted a number of limitations to their study, including reliance
on medial records for screening histories, limited ability to identify potential
confounders, and reliance on judgment as to whether symptoms plausibly
related to the cancer were present at the time the tests were performed.

Flexible sigmoidoscopy screening has considerable appeal, but there is
insufficient evidence to recommend it for mass screening. The observational
studies suggest that sigmoidoscopy screening may reduce colorectal cancer
mortality; however, these studies are not adequate proof of effectiveness. The
two case—control studies could well have overstated the benefit because of
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selection bias. For example, in the Selby [162] study, the odds ratio increased
from 0.30 to 0.41 by adjusting for three known confounders.

Additional adjustment for other potential confounders could further in-
crease the odds ratio, thus reducing the apparent screening benefit. Screening
with flexible sigmoidoscopy can only effect distal and synchronous lesions. It is
estimated that only about 50% to 60% of adenomas and cancers would be
detected using flexible sigmoidoscopy (108-112,114,118,119,121,163-165].
Furthermore, the percentage of lesions that are proximal and hence beyond
the reach of the flexible sigmoidoscope increases with age [112,119,120,166].

Further research is needed, preferably a randomized controlled trial to
obtain definitive evidence of the potential benefit of screening with flexible
sigmoidoscopy. Consideration must also be given to compliance and cost,
particularly the costs and risks incurred from colonoscopy surveillance of
patients with adenomatous polyps.

3.3. Colonoscopy

Colonoscopy has been suggested as a one-time screen during the sixth decade
of life [167]. Rogge et al. [168] suggested that screening average-risk persons
with colonoscopy should start at age 40 and be repeated every five years. The
appeal is apparent—visualizing the entire colon could lead to the identification
of 95% of the patients with larger adenomatous polyps or cancers. Follow-up
examinations would depend on the findings from the baseline colonoscopy.
Lieberman [167] proposed no follow-up if no polyps or hyperplastic polyps
are found, 10-year follow-up for tubular adenomas, a one-year then five-
year follow-up for adenomas greater than 1cm or villous adenomas, and a
one-year, then 3- to 5-year follow-up for carcinomas. His theoretical cost-
effectiveness analysis suggested that colonoscopy screening was more cost
effective than flexible sigmoidoscopy or FOBT screening.

This idea warrants further exploration. Issues to consider, in addition to
cost and effectiveness, are screening frequency, compliance, and risks. There
are no data on colonoscopy compliance of an asymptomatic, average-risk
population. Additional studies are needed to provide data on effectiveness
and compliance before considering colonoscopy as a screening procedure.

4. Recommendations for practice and future research

The only test that has proven to be effective in reducing colorectal cancer
mortality is Hemoccult® applied annually to a population over the age of 50.
Other fecal occult blood tests show promise, but there is insufficient evidence
to recommend their use.

Problems with the Hemoccult® include low sensitivity for adenomas, a large
number of false positives, and therefore relatively high cost. If the ongoing
randomized trials demonstrate a significant benefit from biennial screening, as
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has been demonstrated for annual screening, then the screening cost will be
substantially reduced by screening half as often.

Observational studies show a benefit from flexible sigmoidoscopy screen-
ing. If these studies are correct, then colorectal cancer mortality could be
reduced by about 30%. However, a recommendation for flexible sigmoidos-
copy screening is premature because there has not been a definitive study of
flexible sigmoidoscopy screening, observational studies may overestimate the
benefit, compliance is unknown but likely to be lower than with FOBT, and
cost-effectiveness cannot be determined since effectiveness is not known.

Molecular biology may lead to the development of screening tests for the
majority of colorectal cancer cases. Recent studies have successfully identified
genes in hereditary nonpolyposis colorectal cancer (HNPCC) and familial
adenomatous polyposis (FAP) (chapter 12, this volume). These conditions
account for about 10% of the colorectal cancer cases. Future work may de-
velop simple cost-effective markers that could be used to identify high-risk
persons for colonoscopy [169-171].
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6. Advances in screening for breast cancer

Sue M. Moss

1. Introduction

By 1990, there was a considerable body of evidence, both from randomized
trials and observational studies, that breast screening by mammography
in women aged 50 and over was effective in reducing mortality from the
disease [1]. It appeared that physical examination provided relatively little
additional benefit, while the effect of routine breast self-examination
remained unclear.

This chapter reviews evidence that has emerged since then, both on
the effectiveness of screening in women over 50 and on the controversial
area of screening in women under 50. The current evidence on the value of
physical examination and breast self-examination (BSE) is also assessed.
Population screening is now becoming policy in many countries, and the status
of such screening is described. Potential future developments are discussed
briefly.

2. Further evidence of benefit
2.1. Results from Sweden

In 1989 the Swedish two-county study showed a reduction of 32% in women
aged 40-74 invited for screening by single-view mammography every 24-33
months [2]. Other trials in Sweden had slightly different protocols in terms of
screening interval, age range, and number of views, and the Malmo study had
failed to show a significant reduction in women aged 45-69 with a screening
interval of 18 to 24 months and using two views at the first two screening
rounds [3].

In 1991, preliminary results were published from the Stockholm trial [4], in
which women aged 40-64 in the study group were invited to screens by single-
view mammography on average 28 months apart. An overall reduction
in breast cancer mortality of 29% was observed in the study group (RR 0.71;
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95% CI, 0.2-1.2); for women aged 50-64 the RR was 0.57 (95% CI, 0.3-1.1),
while there was no observed benefit in women under 50 (RR 1.09; 95% ClI,
0.3-3.0).

In 1993, an overview of the five Swedish randomized trials was performed
[5]. This included data from the Gothenburg trial, from which mortality data
had not previously been published. Prior to this analysis, the cause of death in
all fatal breast cancer cases was reviewed by an independent endpoint commit-
tee [6]. Since in most of the trials the control groups had subsequently been
invited for screening, one analysis excluded breast cancer deaths in cases
diagnosed after this date, in order to minimize dilution of the effect of screen-
ing. This analysis showed consistent relative risks of between 0.68 and 0.84 in
the study groups of the five trials, with an overall relative risk of 0.74 (95% ClI,
0.66-0.87). When the data were subdivided by age at entry, the relative risk in
women aged 4049 was 0.87 (95% CI, 0.63-1.20), with a reduction of 29% in
women aged 50-69, but little evidence of benefit in women aged 70-74 (RR
0.94; 95% CI, 0.60-1.46).

2.2. Results from U.K.

Also in 1993, the results of the 10-year follow-up of the U.K. Trial of Early
Detection of Breast Cancer (TEDBC) were published [7]. This was a
nonrandomized trial comparing different interventions in different geographi-
cal districts. One of the screening districts was identical to the study arm of the
Edinburgh randomized trial, which had shown a nonsignificant 17% mortality
reduction at seven years [8], but which was hampered by bias in randomization
[9]. The U.K. TEDBC showed a 20% reduction at 10 years in women aged 45-
64 at entry offered annual screening by mammography and/or physical exami-
nation (RR 0.80; 95% CI, 0.67-0.95); the observed benefit in women aged
45-49 did not differ significantly from that in other age groups. In two districts
in which women were offered education about BSE, there was no mortality
reduction in the combined districts, but a significant difference between the
two, which is not completely explained by known differences in treatment
policy [10]. The Edinburgh randomized study also reported an 18% mortality
reduction in the study group after 10 years of follow-up [11] (RR 0.82;95% CI,
0.61-1.11).

2.3. The Canadian Breast Screening Study

The Canadian National Breast Screening Study included different protocols
for two age groups [12]. In the 50-59 age group, 39,405 women were randomly
assigned either to annual mammography and physical examination, or to
annual physical examination only. In the 4049 age group, 50,430 women were
randomly assigned to undergo either annual mammography and physical ex-
amination, or to usual care after an initial physical examination. All women in
both age groups were taught breast self-examination. The study was carried
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out in 15 centers in Canada. Women were recruited by various means, the
majority volunteering as a result of general publicity.

In 1992, mortality results were published after an average of 8.3 years
follow-up in the older women and 8.5 years in the younger age-group [13]. In
the 50-59 age group, acceptance rates for screens after the first one were over
85%. There was no difference in breast cancer mortality between the two
groups (RR 0.97; 95% CI, 0.62-1.52), despite a cancer detection rate of 7.20
per 1000 in the mammography group at first screen compared with a rate of
3.45 per 1000 in the group offered physical examination only. In the 4049 age
group, over 90% of women attended for screening in years 2 to 5. There was
a nonsignificant increase of 36% in breast cancer mortality in the group
offered annual screening (RR 1.36; 95% CI, 0.84-2.21).

2.4. Controversy surrounding the Canadian trial

The results of the Canadian trial have aroused considerable debate, particu-
larly those from the study in women aged 40-49, which was the first trial
designed specifically to study the effect of screening in women under 50. A
number of criticisms of the trial have been expressed concerning both the
study design and the quality of screening [14].

One problem, acknowledged by the trial investigators [15], is the lack of
statistical power. Both arms of the trial were originally planned to have 80%
power to show a reduction of 40% in breast cancer mortality after five years of
follow-up. In the event, despite follow-up being extended because of lower
than expected mortality in the control group, the mortality rate in the 40-49
control group was only 111 per 100,000 after seven years, compared with 212
per 100,000 after five years, which had been estimated from population mortal-
ity rates.

Reservations have also been expressed concerning the quality of the
mammography used at some of the centers [16]. Although it was claimed that
“almost 50% of mammograms during the first two years of screening were
judged unsatisfactory,” only a fairly small percentage of all mammograms in
the study were performed in this period. In all, some 18% to 24% of
mammograms in a sample selected for review were rated unsatisfactory [17],
although the sample size and validity of this review have been questioned.
Nevertheless, there did appear to be an improvement with mammography
within the trial over time.

An excess of advanced breast cancers (with four or more positive nodes)
was observed in women in the mammography group compared with the con-
trols, and this has led to some doubts being raised about the randomization
process [14], which was carried out after the initial physical examination.
However, other data show no evidence of randomization bias, and there
appears to have been no incentive for the clinician involved to ensure that a
woman with symptoms was allocated to the mammography group, since such
women would in any case be sent for review [15]. The suggestion has been
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made that the analysis should be repeated excluding all cases diagnosed at the
initial physical examination [18].

2.5. Recent meta-analyses of screening

Because of differences in study design between the Canadian and other trials,
a number of meta-analyses of breast screening trials published in the last few
years have produced separate analyses, both including and excluding the
Canadian results.

Such analyses have therefore largely added the HIP and Edinburgh trials to
the Swedish data, and it should be noted that both former trials included
physical examination as a screening modality in the study group.

Elwood et al. [19] conducted a meta-analysis, primarily of the results in
women under 50 from five randomized trials at seven years of follow-up
(excluding both the Canadian and Gothenburg trials), and found that the
death rates in intervention and control groups were virtually identical (RR
0.99; 95% CI, 0.74-1.32) compared with a 34% reduction in the intervention
arms in women aged 50-74 (RR 0.66; 95% CI, 0.55-0.79).

Wald et al. [20] carried out an analysis that included updated data from the
Edinburgh trial and found an overall relative risk from seven trials of 0.78
(95% CI, 0.70-0.87) for women aged 40-74 at entry. For women aged 50-74,
the relative risk was 0.76 (95% CI, 0.69-0.88), and for women aged 40-49 a
reduction of 16% was observed (RR 0.84; 95% CI, 0.67-1.06). If the Canadian
trial were included, the latter estimate became 7% (RR 0.93; 95% CI, 0.76—
1.15).

A more recent meta-analysis, again specifically of women aged 40-49 at
entry, included further follow-up from the Gothenburg study [21]. This found
a statistically significant reduction of 21% (RR 0.79; 95% ClI, 0.64-0.98) if the
Canadian study was excluded, and a reduction of 14% (RR 0.86;95% CI, 0.71-
1.05) if it was included.

Another recent meta-analysis [22] included results from case—control stud-
ies, including one from the Guildford arm of the U.K. TEDBC, which had
been clearly shown to be subject to selection bias [23] when compared to the
population-based study, and one from Nijmegen that included women aged
35-39. Including the Canadian study, this analysis found an overall relative
risk of 0.75 (95% CI, 0.68-0.83), with a relative risk in women aged 40-49 of
0.93 (95% CI, 0.76-1.13).

Some caution is needed when combining results of randomized trials and
case-control studies in this way, since the former are measuring the effect of
inviting a population for screening, while the latter compare breast cancer
mortality in attenders and nonattenders. However, it is of interest that for
women aged 4049, when only the randomized trials are included, those with
follow-up of 10-12 years show a lower relative risk than those with shorter
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follow-up, although the difference is not significant. This effect was not ob-
serve in older women.

3. Screening in young women

The publication of the results of the Canadian trial has failed to resolve the
issue of the effectiveness of breast screening in young women. While the
results of the overviews can be viewed as encouraging, it should be borne in
mind that these results apply to women up to age 49 at entry, so some of the
observed benefit will inevitably be as a result of screening over the age of 50,
and two of the trials (Malmo and Edinburgh) only recruited women aged 45
and over. Using the MISCAN simulation model, it has been estimated that
70% of the observed mortality reduction from the Swedish trials in women
aged 4049 at entry was due to screening over age 50 [24]. However, as always,
the use of such models requires a number of assumptions, and the predicted
mortality reduction for young women, assuming that screening below age 50
has the same effect as in older women, is still within the 95% confidence
interval of that observed.

In the United States, the uncertainty has led the National Cancer Institute
to change its guidelines for breast screening, which previously had recom-
mended mammography from age 40. In December 1993, the NCI issued a
statement that “to date randomized trials have not shown a statistically signifi-
cant reduction in mortality for women under the age of 50,” and removing its
support for screening in this age group [25]. The American Cancer Society,
meanwhile, has reaffirmed its recommendations for screening, including
women aged 40 to 49 [26].

In the United Kingdom, where there is currently less demand for screening
from young women and less conviction amongst the medical profession about
its efficacy, a large multicenter randomized trial is in progress to attempt to
answer this question. The trial aims to compare the effectiveness of starting
screening by mammography at ages 40-41 with starting at age 50 as in the U.K.
national program. The aim is to recruit 195,000 women, randomized in the
proportion 1:2, to a study group offered annual screening and a control group
with no intervention.

This trial is designed to have 80% power to show a 20% reduction in breast
cancer mortality in the study group over a 10-year period from date of entry.
By June 1995, over 124,000 women had been randomized in 21 centers in the
U K., and compliance was running close to the anticipated 70%. An interim
analysis is due to be carried out in 1996, in which questions such as the
sensitivity of screening, and prognostic factors of breast cancers identified in
the trial, will be addressed.

A feasibility study is currently under way to investigate the possibility of
setting up a trial with a very similar protocol in four European countries: Italy,
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the Netherlands, Sweden, and Finland. Eurotrial 40, if it goes ahead, would
commence in 1997.

4. Screening in older women

Results from the Swedish studies suggests that screening is as effective in
women aged 65-69 as in those aged 50-64, although there is less evidence of a
benefit in women aged 70 and over. In the Swedish overview [6], the relative
risk of breast cancer mortality in the study group aged 70-74 was 0.94 (95% CI,
0.60-1.46).

More recently, Chen et al. have shown a reduction of 32% (RR 0.68; 95%
CI, 0.51-0.89) in women aged 65-74 [27] in the Swedish two-county study. The
relative risk in women aged 65-69 was 0.58 (95% CI, 0.39-0.86), and those
aged 70-74 was 0.78 (95% CI, 0.53-1.20). However, the difference between
relative risks in the two age groups was not statistically significant, and al-
though attendance was lower in older women, they also received fewer rounds
of screening.

The availability of screening to older women is an area of concern in a
number of countries. In the U.K., women aged 65 and over are not currently
invited for screening, although they may refer themselves. One of the reasons
for this decision was a belief that the uptake of screening would be lower
among older women. However, a government health committee report has
recently concluded that the program should be extended to women aged 65—
69 [28]. In the United States, although most guidelines for mammography
include women up to at least age 75, surveys have identified a number of
barriers to screening in women over age 65, including a lower level of knowl-
edge of the benefit of mammography, lower perceived vulnerability, fewer
physician recommendations, and problems of access [29]. These result in lower
utilization of mammography in this age group.

5. The effectiveness of physical examination

In the original HIP study, in which screening was carried out both by
mammography and physical examination, 45% of cancers detected were re-
ported as being found by clinical examination alone [28].

With subsequent improvement in mammographic quality and technique,
the additional benefit of physical examination is generally thought to be small.
Results from the screening centers in the U.K. TEDBC, where mammography
and physical examination were performed every two years, with physical
examination only in the intervening years, suggest the relative sensitivities of
mammography and physical examination to be 94% and 70%, respectively, at
the first screen, and 91% and 44% at subsequent screens [29]. After adjust-
ment for size and nodal status, the survival of cancers detected at the clinical-
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only round was similar to that of the cases in the comparison centers, while
that of mammographically detected cancers remained lower [30].

The Canadian study in women aged 50 and over was designed to evaluate
the effect of annual mammography over and above that of annual physical
examination and the teaching of BSE. Despite the lack of statistical power,
the absence of an observed additional benefit suggests a possible beneficial
effect of physical examination, but the findings of longer follow-up are
required.

Mittra [33] argues the case for screening by physical examination alone,
citing the results of the Canadian study and the earlier BCDCP, and also
reports that breast cancers found by mammography may have less malignant
potential. There is still some debate about the extent to which malignancy of
tumors develops over time [34-36]; however, estimates of proportion of can-
cers with diagnosis advanced by screening still suggest mammography to be
the more sensitive test. Nevertheless, the potential of physical examination,
particularly in developing countries with limited resources, requires further
consideration and evaluation.

6. The effectiveness of breast self-examination

There remains little evidence to support the effectiveness of routine breast
self-examination (BSE). In the U.K. TEDBC, two centers invited women aged
45-64 to attend BSE classes and provided open-access clinics for those detect-
ing an abnormality. In an analysis of mortality after 10-year follow-up in one
of the centers, Huddersfield showed a reduction in breast cancer mortality
similar to that seen in the screening centers, while the other in Nottingham
showed a nonsignificant excess [7]. Differences between the centers have been
explored [10]; in Huddersfield, 31% of women attended BSE classes as op-
posed to 53% in Nottingham, but more women in Huddersfield used the
special breast clinics set up as part of the program. Attempts to adjust for the
greater use of adjuvant therapy in Huddersfield reduced the difference be-
tween the two centers only slightly. However, because of the nonrandomized
design of the trial, it remains difficult to ascertain what, if any, of the benefit in
Huddersfield was due to the BSE program and what was due to unaccounted
biases.

In Finland, the Mama program, developed in 1973, identified a population
of 56,177 women from selected clubs, who were then offered education and
instruction in BSE. They were provided with calendars on which to record
BSE practice and findings, and mammography was available as a diagnostic
tool. Only those women who returned an initial calendar after two years and
who were essentially BSE compliers were included in the analysis. These
women’s records were linked to the Finnish Cancer Registry.

The analysis, published in 1994 [37], calculated the expected breast cancer
mortality in these women using the expected incidence, based on Finnish
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Cancer Registry data for 1980, and the expected case-fatality. Breast cancers
occurring in the first two years after enrollment were excluded.

A total of 28,785 women were included in the cohort. There was a higher
than expected incidence of breast cancer at all ages, although this only ap-
peared from year 9 after entry. The ratio of observed to expected breast cancer
deaths was 0.71 (95% CI, 0.57-0.87), with a ratio of 0.64 for women under 50
and 0.74 for those over 50. Although the findings are consistent with the
effectiveness of a BSE program in reducing mortality, there is uncertainty due
to the possible effect of selection bias, and there is no observed alteration in
stage distribution in the study cohort compared with the general population.
Also, the fact that much of the reduction in breast cancer mortality occurred
in years 3-6 (effectively years 1-4 of cases included) is surprising, given the
findings from screening trials that a reduction does not usually begin to appear
until years 4 or 5.

Other evidence on BSE comes from case—control studies, which are likely
to be affected by selection bias [38]. A study by Newcomb et al. included
209 women members of a Group Health Co-operative who developed ad-
vanced breast cancer and 433 age-matched controls from the same population
[39]. Cases and controls were interviewed about their BSE practice. The
relative risk of advanced breast cancer was 1.15 among “never BSE users”
(95% CI, 0.73-1.81), although a small group of women reporting more
thorough examinations had a nonsignificant decreased risk. Another study
by Muscat and Huncharek [40] shows no difference in BSE frequency re-
ported in cases of advanced breast cancer and population controls, with an
odds ratio of 1.27 (95% CI, 0.77-2.07) after adjustment for possible confound-
ing factors. However, the fact that women at higher risk of disease might be
more likely to practice BSE makes it difficult to draw firm conclusions from
such studies.

A recent case—control study nested within the Canadian NBSS includes as
cases 153 breast cancer deaths and 67 cases with distant metastases [41]. Ten
controls per case were selected from the trial population, matched by age,
center, year, and randomization group. BSE frequency was assessed from
annual self-reports, and proficiency from annual assessments by screen exam-
iners were carried out. There was no difference in frequency of BSE practice
between cases and controls (RR 1.07 for nonpractitioners; 95% CI, 0.65-1.79),
but a significant increased relative risk in those with a low proficiency score
compared to a high score (RR 1.76; 95% CI, 1.17-2.65). Only women attend-
ing for rescreening are included in this analysis, since others could not have
their proficiency assessed.

Ongoing trials in Russia and elsewhere, in which factories and other institu-
tions are randomized, may provide further information. In Moscow and St.
Petersburg, a population of over 193,000 women aged 40-64 has been random-
ized to an intervention group that has been offered BSE education either in
groups or on an individual basis. The study is planned to last for 15 years and
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to be able to detect a 30% reduction in cumulative breast cancer mortality
[42].

Meanwhile, in the U.K., current opinion has moved away from promoting
routine breast self-examination towards the concept of “breast awareness,”
encouraging women to be aware of changes in the breasts and to report any
changes early.

7. Population breast screening programs

On the basis of the findings of research trials, a number of countries have now
established population-based screening programs. The majority of European
programs offer screening by mammography to women aged 50 and over at a
two-year interval, although some counties in Finland and Sweden include
women from age 40, while in the U.K. a three-year screening interval is being
used for women aged 50-64. In addition to the programs in these three coun-
tries, a number of pilot projects, funded by the EC, are being set up in various
countries in Europe [43].

In the United States, the extent and performance of screening is more
difficult to measure. A number of organized programs exist, and women also
have access to mammography on a private basis. In Canada, screening is being
implemented on a provincial basis.

In New Zealand, two pilot projects are currently in operation in Otago and
Waikato, and in Australia a national program is planned, with a two-yearly
screening interval and covering women between the ages of 50 and 69; again,
screening is being introduced on a pilot basis.

The important outcome measures of the screening performance to be stud-
ied include uptake of screening and population coverage, biopsy rate, cancer
detection rate, and the rate of detection of small invasive cancers [35]. Because
of the differences in the implementation of screening in different countries,
some caution needs to be exercised in drawing comparisons between these
measures in different countries. The age of women screened will influence the
cancer detection rates, for example.

Most national programs began within the last 5 or 6 years and have taken a
number of years to cover the total population. It is therefore too early to
expect to observe an effect of screening on national breast cancer mortality
rates, since in research trials it has taken 4 to 5 years from the start of the trial
for a difference to begin to emerge between study and control groups. It is also
necessary to remember that in the randomized trials, the reported reduction in
breast cancer deaths was in women diagnosed with breast cancer after entry to
the trial. For a number of years, population mortality rates will include deaths
in cases diagnosed before the introduction of screening, so the effect of screen-
ing will be diluted.

In the U.K., the “Health of the Nation” document has set a target of a 25%
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reduction in breast cancer mortality in the relevant age group by the year 2000
[45]. However, it has recently been noted that breast cancer mortality rates
have already begun to fall in some age groups, probably due to improvements
in treatment [46], and this will make estimating the effect of screening more
difficult. Declining trends have also been observed in white women in the U.S.,
where part of the impact may already be due to screening [47].

The implementation of screening will result in an initial rise in incidence
rates due to screen-detected cases, and this has already been observed in some
countries [48]. Prior to a fall in mortality, one would have to observe a
reduction in rates of advanced disease, but unfortunately data are often not
available in sufficient detail at a national level.

Another interim evaluation measure is the interval cancer rate, which will
give an indication of both the sensitivity of the screening test and the appropri-
ateness of the screening interval. Figures recently published from one region
in the U.K. have shown higher than expected rates, particularly in the third
year after screening [49], which has led to calls for the screening interval to be
reduced. The expected rates, however, have been calculated on the basis of
those observed in the Swedish two-county study, and data from other pro-
grams also show higher rates than these [50]. Again, there is a need for
standardization in the tabulation and definitions used to enable meaningful
comparison between countries to be drawn.

8. Advances in mammographic technique

The Swedish two-county study employed single-view mammography, using a
single oblique view, and a number of national programs have recommended
single-view mammography as the most cost-effective technique. However,
many radiologists recommend two-view mammography, and recent evidence
from a randomized trial in the U.K. shows that the use of two views at
a woman’s first screen increases both sensitivity and specificity, increasing
the cancer detection rate by approximately 20% and reducing referral rates
for assessment by 15% [51]. This result is supported by data from the
U.K. national program [52], and the U.K. program will in future include
two views at all prevalent screens. The effect of two views at rescreening
is not adequately known. The evidence on the effect of double reading
of mammograms is also unclear, largely due to the range of protocols
used.

Despite recent advances in mammographic techniques, including dose re-
duction, its accepted limitations have led to investigations of new potential
screening methods. Digital mammography is one of the most promising of
these. Most studies to date have used conventional mammograms that are
then digitized, but further developments should enable the images to be trans-
mitted electronically. Such developments also enhance the potential of com-
puter-aided diagnosis.
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8.1. Magnetic resonance imaging

The most promising new technique for breast screening is magnetic resonance
imaging (MRI), which provides an in vivo image of soft tissue, with the image
contrast resulting from differences in tissue-water proton relaxation times.
MRI uses non-ionizing radiation to produce excitation of the protons. The
development of tissue-specific contrast agents will improve the sensitivity of
the technique. However, its potential use as a screening test is currently also
limited by the cost of the equipment involved. Other imaging methods under
research include positron emission tomography (PET) and single-photon
emission planar CT imaging (SPECT).

9. Disadvantages of screening

Concerns over the radiation hazard from mammography have largely been
allayed with the considerable reduction in dose achieved in present-day
mammography. However, the ratio between risk and potential benefit will
increase with decreasing age of commencing screening [53]. It has also recently
been recognized that there may be subgroups of women with increased sensi-
tivity to radiation. One such subgroup is women with the ataxia telangiectasia
(AT) gene, who are also believed to be at increased risk of developing breast
cancer [54].

The detrimental effect of mammography in increasing the rate of biopsies
for benign disease has been much reduced by the increased use of fine needle
aspiration (FNA) cytology as a diagnostic tool in assessing mammographically
positive cases.

9.1. Anxiety induced by screening

Although it is widely believed that screening can result in increased anxiety
due to the invitation to screening or referral for further assessment or biopsy,
there is little documentary evidence for this. Ellman et al. [55] found increased
anxiety scores in women recalled for assessment in the U.K. TEDBC, but for
those with false-positive results, this raised level was relatively short-term,
reverting after three months to the same level as in the screened normals,
although evidence remained of increased psychological morbidity among
breast cancer cases. Bull [56] has attempted to assess the psychological impact
of mammography screening and has found no increase in levels of anxiety (as
measured by psychometric scores) in four groups of women — those invited
for screening, at routine screening, attending for further investigation, and
after open biopsy — although increasing levels of BSE practice suggested
behavioral changes that might be associated with increased awareness or fear
of breast cancer.
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9.2. Overdiagnosis

The possibility of overdiagnosis is perhaps the most worrying side effect of
mammography screening. In the original HIP study, the numbers of breast
cancers in the control and study groups were equal by three years after the end
of screening, indicating that overdiagnosis was not a problem [23]. However,
the sensitivity of mammography for detecting early lesions has increased, and
these will include 15% to 20% of ductal carcinoma in situ [52]. It is evident that
not all such cases would progress to invasive cancer, and the appropriate
treatment of screen-detected DCIS is the subject of ongoing research.

9.3. Financial cost

A detailed study of the costs of screening carried out in Edinburgh [57] has
been updated to 1992/1993 and estimates a cost of £22.60 per women screened
(including the costs of assessment) and £4300 per cancer detected [51], while
a study in Australia has estimated the same costs as $ Aus 117.7 and 11,550,
respectively [58].

The cost-effectiveness of screening will vary between countries, both due
to differences in the cost of establishing and running a screening program
in different settings and due to differences in background incidence and
mortality, which may influence the achievable benefit. A comparison of cost-
effectiveness in different EC countries using the MISCAN simulation model
has estimated a more than twofold greater cost per life-year gained in Spain
than in the Netherlands or U.K. [59].

10. High-risk women

It is estimated that some 5% of breast cancers may have a genetic component.
Increasingly, women at a high risk of breast cancer due to a family history of
the disease are being offered screening from a young age, and there is a need
to monitor the effects of this screening. The recent cloning of the breast cancer
genes BRCA1 and BRCA?2 are likely to result in demands for testing for gene
carriers. When such testing becomes available, it will need extremely careful
monitoring, not least because of the uncertainty surrounding the advice to be
given to those found positive (see chapter 12, this volume).

11. Conclusions
The evidence that has emerged from breast screening trials over the past five
years is consistent with previous estimates of a beneficial effect of screening by

mammography in women over age 50. The effect of mammographic screening
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below age 50 is still unproven, as is the value of BSE. Ongoing trials may
provide answers to these questions.

The effect of physical examination without mammography cannot be mea-

sured from existing trials, but would now be difficult to evaluate in many
developed countries, where screening by mammography is being introduced
on a population basis. Over the course of the next decade, the impact of this
mammographic screening on breast cancer mortality should become apparent.
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7. Prostate cancer screening: current issues

Philip C. Prorok, Arnold L. Potosky, John K. Gohagan,
and Barnett S. Kramer

1. Introduction

Prostate cancer is the most common cancer among males in the United States
(excluding skin cancer), and it accounts for more cancer deaths among males
than all other cancers except lung cancer. An estimated 244,000 new prostate
cancer cases and 40,400 deaths we anticipated in 1995 in the United States [1].
There are no established prevention strategies, although at least one approach
using finasteride (Proscar™) is under investigation in a randomized trial [2].
Consequently, many have turned to early detection through screening as a
means to control this disease. The potential for this approach has been height-
ened by the recent development of the prostate-specific antigen (PSA) blood
test and transrectal ultrasound (TRUS) to enhance the digital rectal examina-
tion (DRE). Although some may believe that one or some combination of
these tests is valuable for early detection of prostate cancer, the operating
characteristics of these modalities in a screening setting are not well under-
stood, and they have yet to be rigorously evaluated in terms of effect on
prostate cancer mortality. It is the purpose of this chapter to describe some of
the problems and unresolved issues currently surrounding the evaluation and
implementation of screening for prostate cancer.

2. Screening modalities

Early detection of prostate cancer is most effectively accomplished by the
combined use of the traditional DRE and the (PSA) serum assay. Transrectal
ultrasound has been found useful, not for early detection, but to guide needle
biopsies indicated by abnormal DRE or PSA findings and to measure prostate
volume, which can be used in an attempt to standardize PSA levels [3].
Prostatic imaging by transrectal ultrasound has been examined by several
investigators in observational settings [4-10]. The experience through 1989
was summarized by Waterhouse and Resnick [11]. Sensitivity ranged from
1% to 92% for prostatic carcinoma and 60% to 85% for subclinical disease.
Specificity values ranged from 41% to 79% and positive predictive values in
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the 30% range have been reported. The sensitivity and positive predictive
value for ultrasound appear to be better than those for rectal examination.
However, the relatively low specificity, the invasiveness, and the cost of
transrectal ultrasound mitigate against its use for routine screening [12].

Cooner et al. [5] reported on 1788 men who underwent a rectal examina-
tion, PSA determination (Hybritech assay, normal 4.0ng/ml or less), and a 7-
Mhz ultrasound examination. Biopsies were performed on most of the subjects
with positive results on ultrasound, as well as a few other subjects. Lee et al. [6]
reported similar data on a series of subjects with positive transrectal ultra-
sound findings who also had digital rectal examination and PSA determina-
tions (Yang assay, normal 2.6ng/ml or less). In both studies, only 5% to 7%
of prostate cancers would have been missed if ultrasound had not been
performed.

Several observational studies have estimated process measures for digital
rectal examination, but without appropriate controls; with no adjustment for
lead time and length biases, the accuracy of these estimates is unknown [4,13].
Investigators have reported that the proportion of clinically localized disease
is high when detection is by routine rectal examination [14-16]. However, 50%
of digitally detected clinical stage B cases were upstaged to surgical stage C
(local tumor extension beyond the prostate capsule) or D1 (metastasis to
pelvic lymph nodes) in one series [14]. Resnick [17] summarized the results on
rectal examination for detection of prostate cancer in 1987: sensitivity 55% to
69%, specificity 89% to 97%, positive predictive value 11% to 26%, and
negative predictive value 85% to 96%. These results are consistent with a
more recent review [3]. Data from the ongoing American Cancer Society
National Prostate Cancer Detection Project (ACSNPCDP) are also consistent
with these statistics: sensitivity 50%, specificity 94 %, and positive predictive
value 24% [18]. However, operating characteristics of the DRE are likely to
depend on the experience of the examiner.

In a case—control study of screening digital rectal examination conducted at
Kaiser Permanente Medical Care Program, 139 men with metastatic (stage D)
prostatic cancer (cases) were matched with an equal number of men without
known prostate cancer (controls) [19]. During the 10-year period before initial
diagnosis, the two groups were comparable in terms of numbers of digital
rectal examinations performed for routine screening (2.45 from cases versus
2.52 from controls), and evaluation of intestinal or rectal symptoms (0.44 in
both groups). There was essentially no difference in the relative risk (as
estimated from the calculated odds ratio) of metastatic prostatic cancer for
men with one or more screening rectal examinations compared with men with
none (0.9 odds ratio; 95% confidence interval, 0.5-1.7).

Serum PSA, too, has been assessed in several observational studies, for
initial diagnosis of disease and as a monitoring assay after initial therapy [4—
6,20-24]. Sensitivity in the range of 70% and positive predictive values of 26 %
to 52% have been reported. Sensitivity, specificity, and positive predictive
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values for PSA alone estimated from data reported from the ACSNPCDP are
67%, 97%, and 43%, respectively, and for PSA or digital rectal examination
84%, 92%, and 28%, respectively [18]. Variations in practice circumstances
and characteristics of the population screened probably explain the wide
variability reported.

Clinical algorithms for interpreting screening PSA results are still evolving.
A threshold serum PSA value of 4ng/mL was established by comparing PSA
values for 319 patients with organ-confined prostate cancer with values for 597
patients with benign prostatic hyperplasia (BPH). Oesterling [25] summarized
the findings as follows: (1) 75% of BPH patients had PSA levels less than 4ng/
mL, whereas only 43% of cases of organ-confined prostate cancer assayed in
this range, (2) only 3% of BPH cases assayed at 10ng/mL or greater, while
20% of the cancers did, and (3) in the intermediate range (4~10ng/mL), there
was substantial overlap — 22% of BPH and 37% of prostate cancers. Clearly,
PSA alone could not be relied upon to accurately discriminate between BPH
and organ-confined prostate cancer. A threshold of 4ng/mL was selected as
the clinical standard. A recent reassessment based on larger data sets and
mathematical modeling techniques has demonstrated that, although a cut-off
point of 3ng/mL would be somewhat more sensitive, the standard of 4ng/mL
is practically equivalent [26].

PSA levels were found to increase as the prostate enlarges, and investiga-
tors have sought to standardize PSA measurements against age and size using
the ratio of serum PSA to TRUS-determined prostate volume (PSAD) as a
discriminant, so as to compensate. There have been reports that the rate of rise
in serial PSA values (the so-called PSA velocity or PSAV), use of PSAD, or
age-specific PSA cut-off values improve the predictive value of PSA [27].
Carter et al. [24], who conducted a study based on retrospective PSA assays of
serially acquired blood for 18 patients over many years, found that PSA levels
rise especially rapidly among men with prostate cancer compared to other
men. The authors hypothesized that specificity could be improved by serial
screens compared to the traditional approach of a fixed threshold. Unfortu-
nately, PSA levels rise and fall dramatically in both benign and early malignant
disease, making the selection of a critical rate of change, or PSAV threshold,
problematic. Smith and Catalona [28] evaluated 982 serially screened men
who initially screened normal using PSA. All underwent biopsy. In this retro-
spective comparison, the ideal cut-off point varied with age. Smith and
Catalona point out that PSA-level variations of 10% have been documented
over intervals of a few weeks, making short-term changes unreliable. Brawer
et al. [29] hypothesized, based on data collected over a one-year period, that a
20% increase in PSA may identify men at significant risk.

Findings from the ACSNPCDP [30] and pilot data from the randomized
controlled prostate cancer screening trial in Rotterdam, the Netherlands,
where TRUS, DRE, and PSA were applied to all men [31], do not confirm the
superiority of PSAD over the standard PSA test with an upper limit of 4 ng/ml.
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The Rotterdam group found that limiting TRUS to the screening of men with
serum total PSA between 2.0ng/ml and 10.0ng/ml would eliminate 70% of
TRUS exams while missing only one of 17 cancers (5.8%) in their series.

Meshref et al. [32] retrospectively reviewed 3234 cases referred for TRUS,
including 2429 patients aged 40-79 years who had previous PSAs without
known prostate cancer and received DRE and TRUS. In a subgroup of 236
benign cases, PSA increased with age in parallel with enlarging prostate.
Eighteen percent of variation in serum PSA was accounted for by prostate
volume, while age accounted for only an additional 2%. PSA density was
found useful in selecting cases with negative TRUS, negative DRE, and PSA
between 4 and 10ng/ml using a PSAD cut-off point of 0.15. However, in two
small European studies, conflicting results have been reported. Tiranti et al.
[33] found it impossible to define a PSAD cut-off value useful in distinguishing
benign from malignant disease in a comparison of 30 BPH cases with 20
prostate cancer cases, while Wolff et al. [34], in comparing 57 BPH cases with
28 prostate cancer cases, concluded that PSAD was superior to absolute PSA
in differentiation.

PSA exists in a variety of forms in serum. This reality offers opportunity for
development of new and potentially more sensitive and specific assays. On the
hypothesis that PSA is differently glycosolated in benign disease and prostate
cancer, a number of investigators have assessed the potential of concanavalin
A-bound PSA to discriminate between the two conditions, with mixed, but
mostly disappointing, results. [35]

Preliminary results of another method, namely, determination of the ratio
of free to total serum PSA as a means to distinguish prostate cancer from
benign prostatic hyperplasia, have been reported. Some of the work is de-
scribed in terms of ratios of serum PSA to gamma-seminoprotein [36,37],
while some is described in terms of the ratios of free uncomplexed PSA with
total serum PSA or PSA complexed with alpha 1-antichymotrypsin (PSA-
ACT) [38-40]. It is unclear whether the gamma-seminoprotein first described
by Wang et al. [36] in the 1970s and the moiety used in these later studies are
one and the same. It has been reported that what is currently referred to by
this terminology is a form of PSA [37.41].

Demura et al. [41] report statistically significant discrimination of prostate
cancers by both stage and grade using the ratio of serum PSA to gamma-
seminoprotein. In the same analysis they report equivalent sensitivity and
improved specificity for the ratio as compared to total serum PSA.
Christensson et al. [40] demonstrate that PSA-ACT is the predominant form
of PSA in serum drawn from patients with BPH but not prostate cancer (as
determined by histological evaluation of transurethral resected tissue from the
prostate) and patients with cytopathologically or histopathologically con-
firmed prostate cancer. Free uncomplexed PSA was a minor fraction of the
total serum PSA. They determined that free PSA was a larger fraction in BPH
than in untreated prostate cancer cases, and that the ratio of free to total PSA
is a powerful statistical discriminator between BPH and prostate cancer in the

96



cases they evaluated. It is too early to know if this technique will be found to
be consistently effective.

In a volunteer group that included 63 men with histologically confirmed
BPH, 30 with prostate cancer with an enlarged prostate, and 20 with prostate
cancer and a normal-sized prostate, it was found that the percentage of free
PSA in serum was prostate volume dependent. After standardization by vol-
ume, it was concluded that measurement of free PSA improves specificity,
retrospectively eliminating the need for 31.3% of the negative biopsies per-
formed, while detecting at least 90% of the cancers. [42]

Although at this writing there is great flux in the state of knowledge of
alternative PSA measures as indicators of prostate cancer, the originally se-
lected cut-off point of total serum PSA at least 4ng/ml has not been shown to
be inferior to any of the alternatives so far evaluated.

3. Population-based rates

Although population-based rates are sometimes used to assess whether trends
are consistent with a screening effect [43,44], it is impossible to establish the
benefits of screening based upon the analysis of such rates. The interpretation
of trends in population-based rates is complex and fraught with multiple
competing explanations that are often difficult to sort out. However, we may
still ask: What insights can be gained by an evaluation of prostate cancer
incidence and mortality rates over the last two decades?

From the early 1970s through the mid-1980s, prostate cancer incidence
rates in the U.S. increased rapidly, with almost the entire increase in the
incidence of localized tumors, while prostate cancer mortality rates remained
nearly constant (figure 1). Both in the U.S. and in Canada, the increase during
this time period was attributed to the increasing detection of latent,
asymptomatic disease from the more frequent use of transurethral resection of
the prostate (TURP) for treatment of obstructive symptoms of benign pros-
tatic hyperplasia (BPH) [45,46]. Other investigators reported an association
between early detection and increasing prostate cancer incidence rates [47,48].
As aresult of the increase in detection of latent prostate cancer, there has been
a dramatic improvement in reported stage-specific survival rates during the
period when there were no major advances in treatment [49]. This can mostly
be attributed to the addition of a large number of nonaggressive tumors to the
existing mix of cases, with a resulting increase of lead time and length bias.

In more recent years, there has been a decline in the use of TURP in the
U.S. and an increase in the use of needle biopsy of the prostate [50]. Thus,
incidental detection has given way to intentional detection of localized disease.
The main reason for the increasing rate of needle biopsy of the prostate since
1987 in the U.S. was an exponential increase in PSA screening starting in
1989-1990 (figure 2). The overall age-adjusted rate of prostate cancer doubled
in the U.S. from 1986 to 1992, going from 90/100,000 men to 187/100,000 men
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Figure 1. Prostate cancer incidence and mortality trends in the U.S.A. Incidence rates are from
the SEER Program, NCI. Mortality rates are from the National Center for Health Statistics.

in 1992. The two single largest annual increases occurred in 1990 and 1991,
after PSA had first been introduced and aggressively promoted by several
professional organizations. Unlike the case with TURP in the previous de-
cade, the rate of increase in localized incidence rates has been slightly lower
than the rise in regional incidence rates. Over the same time, the rate of distant
stage prostate cancer has remained essentially constant.

The dramatic increase in incidence rates of both localized and regional-
stage prostate cancer since the mid-1980s is the result of two related phenom-
enon. First, there has been a large increase in the number of new cases due to
more frequent screening using PSA, a more sensitive test than physical exami-
nation for early prostate cancer. The use of such a test is capable of detecting
a substantial number of tumors in men ages 50 and older. The prevalence of
latent prostate cancer in this age group is estimated to be approximately 30%,
based on autopsy studies [51,52]. The second phenomenon related to trends in
localized and regional incidence rates is the increasing use of radical
prostatectomy, which began in the early 1980s [53-56]. Since U.S. incidence
rates are reported in terms of pathological rather than clinical stage, the
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Figure 2. Trends in incidence and diagnostic procedures for prostate cancer among Medicare
enrollees in four SEER areas (Detroit, Atlanta, Seattle, Connecticut), 1986-1991. PSA = Prostate
Specific Antigen serum test (no Medicare code existed for PSA prior to 1988); TURP =
Transurethral Resection of the Prostate; Needle Biopsy = needle biopsy of the prostate.

increasing use of radical prostatectomy has resulted in the more frequent
upstaging of clinically localized tumors to pathologically confirmed regional
disease. Radical prostatectomy permits the confirmation of the presence of
tumor extension beyond the prostate into adjacent structures and pelvic lymph
nodes.

Preliminary reports from several individual state tumor registries indicate
that the rise in prostate cancer incidence may have begun to reverse in 1993
and 1994 (e.g., [57]). This trend may be due to an overall decline in the use of
PSA screening. However, if PSA rates continue to increase, this trend may
indicate that PSA is being used for repeat screenings of a subset of men and
that there remains a substantial proportion of elderly men who have yet to be
screened with PSA.

If the slight decline observed in distant (metastatic-stage) prostate cancer
incidence rates since 1991 continues, this may portend a subsequent decline in
mortality rates. On the other hand, the decline in distant-stage incidence may
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be a reflection of length bias. Cases being detected earlier and thus removed
from the pool of distant cases may be disproportionately those cases with the
slowest progressing tumors. The remaining distant cases may be the most
aggressive tumors. Thus, any decline observed in distant-stage incidence is not
necessarily a valid proxy for a reduction in prostate cancer mortality.

Mortality rates from prostate cancer have risen slowly over the last two
decades, with the greatest increases observed for men ages 75 and older. If
screening were to impart a mortality benefit, several years of observation
would be required to detect such an effect, if the effect were large enough to
detect in the midst of random variation in population-based rates. In the
meantime, the best chance for establishing a mortality benefit remains the
completion of ongoing randomized controlled trials of screening.

4. Natural history and overdiagnosis

With the advent of the PSA test, screening for prostate cancer has become
more appealing both to the public and to the medical community. The test is
simple and inexpensive, and it has higher sensitivity compared to DRE, espe-
cially for prostate-confined cancers [20]. As noted above, while the rate of
PSA testing has increased dramatically in recent years, so has the incidence of
prostate cancer. This increase has been accompanied by recognition of the
very real possibility that disease is being diagnosed that would never surface in
the absence of screening, as suggested by the high prevalence of latent prostate
cancer at autopsy among men aged 50 and over.

It has been claimed that only a small proportion of PSA-detected prostate
cancers (stage T1c) are “clinically insignificant”; only 16% of 157 consecutive
men in one case series who underwent radical prostatectomy for stage Tlc
disease had “insignificant” tumors [58]. It was therefore proposed that about
84% of such patients warrant definitive therapy, while watchful waiting might
be appropriate for the other 16%. The definition of clinical significance was
based upon tumor volume, differentiation, and capsular penetration. How-
ever, the definition of clinical significance and the prediction of the clinical
behavior of such tumors require substantial caution. These are not based upon
actual observed outcomes but rather on comparison to historical series of
patients who were diagnosed prior to the implementation of screening. It is
difficult to predict the clinical behavior of an asymptomatic cancer picked up
only through screening simply by knowing the behavior of a tumor with similar
size and histologic characteristics that brought the patient to the doctor be-
cause of symptoms [59]. The former is likely to possess a more indolent natural
history because of the length bias inherent in the screening process. This has
been described in the case of screening DRE [60].

An extreme form of length bias is termed overdiagnosis, also referred to as
the diagnosis of “pseudodisease” [61]. This can occur when some cases of
disease detected by screening are so indolent that they would never have come
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to medical attention before the individuals died of other causes if the individu-
als did not participate in screening. Nevertheless, the cancers are detected
through screening and treated, and the disease does not recur. As a result, it
appears as though early detection has led to improved outcome, when this may
not be the case. A key question is whether overdiagnosis is a realistic possibil-
ity with PSA screening.

The best way to document the phenomenon of overdiagnosis is in a ran-
domized trial employing the stop screen design, in which the intervention arm
is screened for a limited time period after which both arms are followed for
cancer incidence as well as mortality. If an excess of cases persists in the
screened arm, this is evidence of overdiagnosis [62]. Randomized screening
studies of breast cancer and lung cancer give strong evidence that
overdiagnosis exists for both diseases [63,64]. In both studies, there were
consistently more cases detected in the screened group than in the control
groups. Further, most of the excess cases detected by screening in the lung
cancer trial were early-stage surgically operable lesions [64]. Yet the total
numbers of deaths from lung cancer were virtually identical in the screened
and control arms.

Prostate cancer manifests a wider spectrum of clinical behavior than lung
cancer, and most would accept that a large proportion can be indolent. No
randomized trials have yet been reported that could document overdiagnosis,
but observational studies do raise the possibility. As mentioned above, up to
two thirds of men over the age of 80 harbor prostate cancer at autopsy [51,52],
but only about 3.4% of American men die of prostate cancer [49]. Thus, far
more men die with prostate cancer than die of prostate cancer. The possibility
of overdiagnosis is further strengthened by data from a population-based
Swedish series of patients with clinically diagnosed stages A or B prostate
cancer who were treated by watchful waiting [65]. Only 8.5% of these men had
died of their prostate cancer, and only 15% of the deaths in the series were due
to prostate cancer after 10 years of follow-up. Even clinical stage C may have
an indolent natural history if left untreated. In a case series of 50 patients in
Sweden who had extracapsular disease, primarily well or moderately well
differentiated, and who were followed on a surveillance protocol, prostate-
specific mortality was 12% at five years and 30% at nine years after diagnosis
[66].

However, the population “experiment” of prostate cancer screening that is
currently going on in the U.S. provides the most compelling evidence of
overdiagnosis to date [50]. There has been wide geographic variation in use of
PSA for screening in the United States (figure 3). This has resulted in wide
geographic variation in the incidence and treatment of prostate cancer. In
recent years, for example, there has been more than a 20-fold difference in
prostatectomy rates per 100,000 male Medicare beneficiaries between the
states of Rhode Island and Alaska [54]. If there were no overdiagnosis, one
would expect that mortality would parallel incidence. However, there appears
to be no association between incidence and mortality (figure 4) [53]. One could
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Figure 3. Differences in the use of PSA testing among whites in four SEER areas, 1988-1991.
Source: Potosky, Miller, Albertsen, Kramer [50].

postulate that this lack of association is a consequence of an exact match
between geographic variations in incidence and in therapeutic efficacy, but this
explanation is difficult to accept. Alternatively, in time, mortality may more
closely track incidence. However, incidence has been increasing since the early
1970s in the U.S. as early detection modalities have been in increasing use, but
mortality rates changed little [45,50].

5. Treatment

Two components must be successful if screening is to work: the screening test
must detect the disease early, and treatment initiated at the earlier time point
must favorably alter the natural history [67]. It is therefore important to
examine what is known about the efficacy of treatment of prostate cancer in
any assessment of screening. Favorable survival after definitive treatment of
organ-confined prostate cancer is well established. However, survival is the
consequence of treatment superimposed upon the natural history of the dis-
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Figure 4. Age-adjusted incidence and mortality rates for prostate cancer in nine SEER areas for
white men aged 50-79, 1983-1989. Source: Lu-Yao and Greenberg [53].

ease. Knowledge of the relative contribution of treatment versus natural his-
tory to overall survival is crucial to understanding the potential impact of
screening. Unfortunately, in prostate cancer, there is insufficient knowledge to
accurately assess the relative merits.

The strongest evidence of benefit of any therapy is the demonstration in a
randomized controlled trial of prolonged survival after treatment compared to
observation of the natural history of the disease. To date, only one small trial
has been performed and reported. This trial, begun in 1967, compared radical
prostatectomy plus placebo to placebo alone in 111 patients with clinical stages
I and II prostate cancer [68,69]. The overall survival rates at 15 years in the two
study arms were remarkably similar and approached normal life expectancy.
However, the small size and low statistical power of the trial preclude any
definitive statements against surgery. At the same time, one cannot conclude
that radical prostatectomy is effective, and the study suggests that a large
proportion (if not all) of the favorable prognosis of localized prostate cancer is
due to the natural history of disease. New trials have recently been undertaken
to address the question. The Prostate Intervention Versus Observation Trial
(PIVOT) in the U.S. compares radical prostatectomy to palliative expectant
management for clinically localized prostate cancer [70]. This study is designed
to enroll 2000 patients and is estimated to have a 90% power to detect a 15%
reduction in all-cause mortality. A trial in Sweden and Finland is comparing
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radical prostatectomy to deferred treatment, and one in Denmark is compar-
ing radiation to watchful waiting [65].

Since the results of these trials will not be available for years, attention has
been focused on other forms of evidence. One approach was a structured
review of the English language literature spanning 1966 through 1991 that
found 1600 articles regarding management of clinically localized prostate can-
cer [71]. However, all but 144 articles were excluded because they lacked
primary data or reported the experience of less than 15 patients. It was noted
that little of a definitive nature could be gleaned from the literature review,
since the study designs did not permit direct comparison of the three primary
treatment strategies, namely, radical prostatectomy, definitive radiation
therapy, and expectant management or watchful waiting. The authors con-
cluded that the current state of evidence precludes optimal informed choices
by patient or physician.

Several decision models of treatment for localized prostate cancer have
been developed to attempt to overcome the state of uncertainty about the
value of current treatment options [72-74]. Two of these suggest marginal
changes in life expectancy resulting from active therapy, but a net loss in
quality-adjusted life expectancy in most situations [72,73]. One suggests con-
siderable gains in both parameters [74]. These models are subject to criticism,
however, since they are based on the same literature discussed above, from
which it is not possible to draw definitive conclusions. Thus, an important
conclusion is that current therapies cannot be evaluated or ranked based upon
available data; definitive studies are needed.

The other aspect of therapy about which more is known is the morbidity
caused by treatment for localized prostate cancer. The most severe adverse
outcome of treatment is mortality, where prostatectomy is associated with a
higher risk of treatment-related death than radiation therapy. Some surgeons
report mortality rates less than 0.5%, depending upon patient selection and
other factors. However, national mortality rates reported for 30-day postop-
erative mortality are 1% to 2% from a 20% national sample of male Medicare
beneficiaries age 65 or older [54]. In addition, about 8% of men suffered major
cardiopulmonary complications within 30 days of prostatectomy. In contrast, a
recent study of men under 65 years of age reported a 30-day mortality rate of
only 0.28% [75].

Other side effects of both radical prostatectomy and radiation therapy
include sexual impotence, rectal injury, urinary incontinence, and urethral
stricture. The frequency and gravity of these conditions vary depending upon
who is reporting the outcomes — the treating physician or the patient. Reports
from urologists and radiation therapists give rates of about 25% to 40%
impotence, 1% to 3% rectal injury, 3% to 6% urinary incontinence, and 8% to
18% urethral stricture, with radiation therapy in the lower range relative to
surgery [18]. However, patient-reported problems are considerably higher.
Over 30% of the men reported the need for pads or urinary clamps, and 63%
reported a current problem with wetness in a national survey of Medicare
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patients who underwent radical prostatectomy in 1988-1990 [76]. About 60%
of the men reported having no erections since surgery, and 90% had no
erections sufficient for intercourse in the month prior to answering the survey.

Of considerable interest is the morbidity associated with the newer ana-
tomic (“nerve-sparing”) prostatectomy procedure. A study at the University
of Wisconsin sent the same questionnaire as in the Medicare survey to 93
consecutive patients treated with radical prostatectomy, primarily the ana-
tomic procedure [77]. The reported frequencies of impotence and urinary
incontinence were similar to those found in the national survey, despite a
younger average age and shorter duration of follow-up in the case series.
Additionally, a cross-sectional sruvey of men who had undergone either radi-
cal prostatectomy, definitive radiation therapy, or watchful waiting for clini-
cally localized prostate cancer showed substantial sexual and urinary
dysfunction in the two active therapy groups, even when controlled for under-
lying dysfunction experienced by older men without cancer [78]. Moreover,
within the context of this small study, sexual function and urinary dysfunction
did not differ significantly between men who had undergone standard versus
nerve-sparing prostatectomy.

6. Costs and effects of prostate cancer screening

The basic premise that motivates the use of economic analysis to help guide
medical decision making is that limited health care resources must be allocated
among competing prevention, screening, or treatment interventions (see chap-
ter 3, this volume).

To estimate the net health effect of different types of cancer screening
programs, several investigators have employed a cost-effectiveness analysis
(CEA), also referred to as clinical decision analysis (CDA).

To date, there have been several CEAs of various strategies of prostate
cancer screening using quantitative decision analysis [79-82]. Optenberg and
Thompson [79] performed a clinical decision analysis of different screening
procedures for prostate cancer among men ages 50-70, including DRE,
TRUS, prostatic acid phosphatase, and PSA. They took into account the
various potential adverse effects of treatment complications that might occur
under a mass screening program. For the most favorable screening programs,
the estimated cost per life-year saved was in excess of $200,000. Given the
uncertainties about benefits and the known adverse consequences of treat-
ments for early-stage disease, the authors suggested that mass screening for
prostate cancer was not an advisable public policy. However, the authors
acknowledged that the probabilities employed in their decision analysis per-
taining to disease prevalence, disease progression, and test characteristics
required further refinements before any definitive conclusions could be drawn
about cost-effectiveness of PSA screening.

It is essential that all downstream costs of treatment from diagnosis through
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death be incorporated in the cost-benefit calculations. When estimating the
costs of screening, Littrup et al. [80] assumed that the cost of treating advanced
prostate cancer was $55,000 greater than the cost of treating early-stage can-
cer, which may have contributed to their observation of a favorable cost—
benefit ratio for early-detection strategies. More recent reports demonstrate
that the difference in treatment costs according to stage at diagnosis are not
substantial over the entire course of the disease and may even be greater for
early-stage cases. Two reports provide estimates of stage-specific treatment
costs for prostate cancer that might be useful in future estimates of cost-
effectiveness of screening. One report, measuring total lifetime payments to
Medicare for men ages 65 and over, showed the costs of prostate cancer cases
to be $53,000 for localized and regional-stage cases and $33,677 for distant-
stage disease [83]. The lower total lifetime costs for distant disease is primarily
due to the shorter survival of cases, which, in turn, can be in part an artifact of
lead time bias in the screening setting. However, this estimate includes all
costs, including those unrelated to the care of prostate cancer. Another group
of investigators at a large western Health Maintenance Organization esti-
mated the cancer-related, stage-specific costs for prostate cancer [84]. Rather
than providing lifetime estimates, they calculated phase-specific average costs
for the initial, continuing, and terminal phases of cancer care. Initial care,
comprising the first six months following diagnosis, for localized prostate
cancer was $9,300 compared with $8,300 for distant stage disease. Terminal
costs during the final six months of life were higher for localized disease at
$19,000 versus $11,000 for distant-stage disease. The continuing costs were
$1,800 per year for distant stage, compared with $1,200 for localized stage.
These results demonstrate that costs vary little by stage at diagnosis.

Another decision analysis focused on screening for prostate cancer using
PSA, TRUS, and DRE among men ages 50-70 [81]. These investigators
adjusted the estimated gains in life expectancy for potential decrements in
quality of life by weighting life-years using the utilities (or preferences) for
various health states as the weights. After estimating the costs per quality-
adjusted life-year under various screening strategies, the authors concluded
that screening prolonged life expectancy but diminshed quality-adjusted life
expectancy. All programs increased costs, and results were sensitive to as-
sumptions about the benefits of treating early-stage prostate cancer. Even in
high-prevalence populations such as U.S. black males, screening produced
losses in quality-adjusted life expectancy and increased costs. However, the
authors acknowledged that assessment of comorbidity, risk attitude, and valu-
ation of sexual function may identify some men who might benefit from
screening.

Another analysis sponsored by the U.S. Office of Technology Assessment
used a quantitative decison model to estimate the risks, benefits, and costs of
an early-detection program for a one-time screening program using PSA and
DRE for men ages 65, 70, and 75 [82]. The key assumptions to which results
were most sensitive, as in other published decision models, concerned the
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effectiveness of early treatment and the rate of progression for clinically
localized cancers. Under the most favorable assumptions, the costs per life-
year saved ranged from $14,200 for men aged 65 to $51,290 for men aged 75.
However, assumptions more closely matching available information from the
published literature yield estimates of $95,000 at age 65 to $500,000 at age 75.
As in the case of the other cost-effectiveness analyses summarized here, the
authors point out the need for more research to resolve the uncertainties
about the potential benefits of screening so that a definitive cost-effectiveness
analysis can be performed.

For the purpose of determining the impact of prostate cancer screening on
the health care budget, it is useful to estimate the net cost of a mass screening
program. Optenberg and Thompson [79] estimated the total annual cost of
prostate cancer screening using a single PSA screening test at $27.9 billion,
using a cutoff value of 4ng/ml. Using more conservative assumptions, the
estimated total first-year cost of a hypothetical screening program for men
ages 50 to 64 was found to be about $11.9 billion [18].

7. Discussion

Rigorous evaluation of prostate cancer screening modalities is mandatory
because the natural history of the disease is not well understood and the
effectiveness of treatment of early detected cases is not established. The
behavior of individual tumors is unpredictable, and the necessity to treat a
particular case of prostate cancer cannot be proved to date. Given the possibil-
ity of unnecessary morbidity and mortality associated with diagnosis and
treatment of many such lesions, careful evaluation of prostate cancer screen-
ing is needed before it is promulgated to asymptomatic men as a public health
policy.

The current state of knowledge does not permit a truly informed decision
with regard to routine prostate cancer screening and subsequent management.
This unfortunate dilemma exists in part because it has taken so long to initiate
studies that can test extant assumptions about screening and treatment. Trials
are finally under way to fill in the knowledge gaps. Therapy trials of definitive
surgery and of radiation versus deferred therapy have been initiated [65,70].
Further, randomized controlled screening trials in the Netherlands, Belgium,
Finland, Sweden, Portugal, Italy, and potentially other European countries
(the Pan-European Trial), two trials in Canada, and the Prostate, Lung,
Colorectal, and Ovarian (PLCO) Cancer Screening Trial in the United States
are evaluating PSA with and without DRE as screening tools. All have
prostate cancer mortality as their endpoint. Data from these trials over the
next decade will establish the operating characteristics of the modalities for
early detection among initially asymptomatic populations, in addition to de-
termining whether repeated screening at different frequencies over a number
of years followed by appropriate treatment detects prostate cancer early
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enough to effect a significant mortality reduction. An international overview
analysis collaboration among screening trial investigators has been initiated
[85].

In the meantime, what should be done? In the light of real and potential
harm from the screening and therapeutic processes, it does not seem appropri-
ate to encourage screening programs, with their implied promise of benefit.
Doing so would deviate from the Hippocratic principle of “first do no harm.”
Rather, it would seem reasonable for the health care community to inform
each man about the current state of uncertainty, describe the risks and theo-
retical benefits, and encourage participation in ongoing trials when practical.
Outside the study setting, screening tests should only be done after a man has
been engaged in the decision process as a full, informed partner.
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8. Screening for gastric cancer

Paola Pisani and D. Maxwell Parkin

1. Introduction

The decline of the incidence of stomach cancer in western countries is a well-
known phenomenon [1]. Nevertheless, in 1985, it was still the second most
common cancer in the world, and the most common cancer in developing
countries [2]. Symptoms are rather non-specific, so most cases are diagnosed
when the tumor has already invaded the muscular layer. The prognosis is then
very poor: five-year relative survival was 18% for all incident cases in the
U.S.A. around 1987 [3], and it was 19% in Europe around 1984 [4]. In contrast,
survival is extremely good for early cancers: in the Japanese series, the five-
year relative survival is 98% [5], and in the U.S.A. it is 70% [6].

2. Screening for stomach cancer in Japan

The vastly superior survival of individuals diagnosed when their cancers are
confined to the gastric mucosa and submucosa was the rationale supporting
the introduction of screening for gastric cancer in Japan, where, in the 1970s
and early 80s, mortality rates were the highest in the world [7]. The program
was introduced in the 1960s and was gradually extended to the whole country;
the aim was to examine 30% of the population aged 40 or over each year by
photofluorography [8]. The proportion of cancers diagnosed at early stages
thereafter increased progressively — from about 15% to over 60% in Miyagi
prefecture [9] — proving the capacity of the radiographic test to detect early
cancer.

Unfortunately, the program was introduced as a community service before
any formal evaluation could provide evidence of the efficacy of the interven-
tion, and improved survival, as frequently mentioned in this book, is a biased
measure of efficacy. In fact, there is evidence that malignant transformation
of cells of the gastric mucosa and invasion are preceded by detectable
precancerous lesions, the evolution of which occurs in a time span of years
[10,11]. Improved survival could therefore be the consequence of lead-time
bias or length bias for screen-detected cases [12].
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In common with almost all countries, mortality rates from stomach cancer
in Japan have been in decline in most age groups for many years [13]. Never-
theless, when examined for different areas of the country, the rate of decline
did appear to be associated with the intensity of screening [14].

Hisamichi et al. [9] have analyzed time trends of incidence and mortality for
stomach cancer during the period 1960-1985 in Miyagi prefecture, for which
population morbidity and mortality statistics are available. Both measures
follow the general trend towards a decline of the disease, but the rate of
decline was greater for mortality. This observation has been interpreted as a
proof of the success of the mass screening. However, incidence could have
been inflated by the screening intervention, which may cause the detection of
some cancers that would otherwise not be diagnosed within the lifespan of
some individuals.

That overdiagnosis is possible is suggested by the results of a study in Osaka
prefecture [15]. Thirty-three thousand individuals screened at least once dur-
ing a three-year period were followed up by the cancer registry for an average
of 6.1 years. The number of gastric cancer cases diagnosed in the cohort was
1.46 times higher than expected, based on the general population rates, while
there was a modest reduction in the number of deaths (O:E = 0.91 for all age
groups). The results also suggest the presence of selection bias in those attend-
ing for screening, since the number of other cancers diagnosed in the cohort
was only 0.64 of that expected (a “healthy screenee” effect). A survey in
Miyagi prefecture [16] observed that, compared to nonparticipants, those
taking part in the gastric cancer screening program had a lower prevalence of
smoking and higher intakes of dietary items such as milk and fruit (associated
with a reduced risk of gastric cancer).

2.1. Case—control studies of stomach cancer screening in Japan

Selection bias is a well-known source of difficulty in the interpretation of case—
control studies also [17,18]. Three such studies have been reported from Japan
(table 1). The first study was conducted in Nose Town (Japan), an area
covered by the population-based cancer registry of Osaka [19], which allowed
the identification of all residents who died from stomach cancer in the period
1969-1981. A total of 87 dead cases and three times as many controls were
included in a matched analysis. Controls were live individuals, matched to the
cases by sex, age, and residence. Examinations within the 12 months preceding
the diagnosis of the case were excluded from both cases’ and controls’ screen-
ing histories, in order to exclude gastric cancer cases who attended because of
symptoms. The odds ratio (OR) for screened vs. non-screened subjects was
0.59 (90% confidence interval, 0.34-1.04) in men and 0.38 (0.18-0.78) in
women, showing a relative protection of about 50%. The protective effect was
greater for those who had more than one examination (the linear trend of the
ORs was significant) and seemed somewhat greater also for those who had had
a test within two years of the date of diagnosis of the case.
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Table 1. Case-control studies evaluating gastric-cancer screening efficacy

Reference and

Exposure definition:
tests before case

country Cases Controls OR (C.L)* diagnosis
Oshima et al. 87 deaths from 261 live controls All tests, excluding
[19], Japan gastric cancer matched for sex, preceding year:
age, and residence ~ 0.59 (0.34-1.04)  men
0.38 (0.18-0.78)  women
Fukao et al. 367 advanced 367 live controls 0.34 (0.25-0.48)
[20], Japan gastric cancers matched for sex,
age, and residence
Fukao et al. 198 deaths from 577 live controls Tests within
[21], Japan gastric cancer matched for sex, preceding 5 years:
age, and residence  0.41 (0.28-0.61)  at least 1
022 (0.09-0.51)  4-5 tests
Pisani et al. 241 deaths from 2041 live controls 1.26 (0.83-1.91)  All tests.

[22], Venezuela

gastric cancer

85 ever-screened
only

matched for sex,
age, and residence

375 ever-screened
only

025 (0.12-0.51)

excluding preceding
6 months

*Confidence Interval. All cited are 95%, except for those for the study of Oshima et al. [19], which are
90%.

The same sampling design was adopted in the second study, which com-
pared the screening histories of 367 cases of advanced stomach cancer with the
same number of controls matched for sex, age, and residence [20]. A signifi-
cant protective effect was detected up to three years after the last negative test:
OR =0.34 (95% CI, 0.25-0.48).

A third case-control analysis of the efficacy of the Japanese program has
been published recently [21]. The 198 dead cases and 577 live controls matched
by sex, age, and residence (district) were compared with respect to their
screening histories in the five years preceding the case’s diagnosis. The authors
considered that this was the relevant exposure period, according to the results
of their earlier case—control study. Recent examinations were associated with
a relative protection of 59% (OR = 0.41; 95% CI, 0.28-0.61). No significant
difference was observed by year since the previous examination within the five
years considered, but the relative protection increased to 88% (41%-91%) for
those who had had four or five tests compared to none.

2.2. Randomized trials of gastric cancer screening

Only one trial has so far been implemented [9]. In 1985, 39 municipalities in
Miyagi prefecture, Japan, were randomized to two groups, A and B. In group
A, individuals aged 50-59 were sent an invitation especially written by the
head of local government to attend gastric cancer screening, while in group B,
individuals aged 60-69 were so invited. The objective was to follow mortality
rates in the intervention and control populations. However, results published
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to date show that compliance with screening was higher in intervention than
control areas only in the first year — especially in the 50-59 age group (about
30% vs. 15%) — and the differential had largely disappeared in subsequent
years. It is inconceivable that, with such a small difference in screening expe-
rience between the intervention and control groups, any difference in mor-
tality will be demonstrable in this trial. Since gastric cancer screening is
considered a routine procedure in Japan, no trial that includes a relatively
unscreened control group will be feasible there, and the only possibility is to
test the procedures in a high-risk population elsewhere (in east Asia or Latin
America).

3. Screening for stomach cancer in other countries

There has been little systematic screening for gastric cancer outside Japan.
However, a program using the same methodology was introduced in Tachira
state, Venezuela, in 1980 [22]. The radiographic equipment was installed in
two mobile units through which screening was potentially offered to the whole
population aged 35 and above. The 241 cases who died from stomach cancer in
the period 1985-1989 and who could be confirmed by clinical documentation
were compared to 2410 controls, drawn from the electoral rolls of the same
district of residence as the cases (matched by sex and age). An excess risk of
dying from stomach cancer was observed for those whose tests occurred within
the six months preceding the diagnosis of the case. No benefit from screening
was detected when recent examinations were excluded from both the cases’
and the controls’ screening histories. An analysis limited to subjects ever
screened showed a relative benefit of 53% (OR =0.47;95% CI, 0.24-0.98), and
most of this effect was confined to tests undergone within the three years
preceding the cases’ diagnosis. These results suggest that the program was
used primarily by symptomatic individuals at high risk of death from gastric
cancer, and the resulting selection bias masks any potential benefit. This effect
probably results from the low population coverage — only 16% of the control
subjects had ever been screened. In contrast, the programs in Japan reach a
much larger proportion of the population, e.g., 69% ever-screened in Osaka in
1983 [19] and 78% screened in the preceding five years in Miyagi in the mid-
1980s [16].

4. Other approaches to screening for gastric cancer

A different approach to screening, based upon serological markers of lesions
of the gastric mucosa that are associated with an increased risk of gastric
cancer, has recently been proposed. These “precancerous lesions” are atrophic
gastritis, intestinal metaplasia, and dysplasia. The markers have been identi-
fied since the 1970s as pepsinogens A (PGA) and pepsinogens C (PGC) [23-
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25]. Atrophic gastritis of the fundic gland mucosa is associated with decreased
serum levels of PGA and normal or increased levels of PGC. Although the
reason for the findings is not well understood, the validation of these markers
for the presence of chronic atrophic gastritis has generally given consistent
results in population groups showing different background risks for stomach
cancer, namely, the U.S., Finland, Netherlands, England, and Japan [26-31].
Nevertheless, there is little agreement on the optimal cut-off points and on the
resulting sensitivity and specificity of the tests in identifying more advanced
and specific metaplasia, dysplasia, and cancers of the intestinal type [26,31,32].

As a screening test for cancer, pepsinogen levels alone would not be suit-
able, due to their low sensitivity and specificity. The sensitivity and specificity
of the two antigens for gastric cancer of either the intestinal or diffuse type has
been measured in a cross-sectional study, which included 19 healthy volun-
teers and 379 individuals referred for gastroscopy because of symptoms of
gastric disorders [28]. Sensitivity could be as high as 83%, but the correspond-
ing specificity was only 19%. Widening the definition of “positives” to include
not only gastric cancer but also atrophic gastritis and intestinal metaplasia
lowered sensitivity to 65% and improved specificity to 24%. Similarly, in a
follow-up of 7488 Japanese-Americans living in Hawaii, Stemmerman et al.
[32] found that, depending on the threshold fixed to partition the population,
the combinations of sensitivity and specificity of pepsinogen levels for predict-
ing development of invasive gastric cancer within a maximum of 13 years later
ranged between 76% and 61%, and 94% and 23%, respectively.

These figures clearly show that the predictive value of serum pepsinogens
for gastric tumors is too poor for the purpose of screening; however, they may
be suitable for selecting a high-risk population for the radiographic test. In this
respect, it would also be worth studying the value of markers of infection with
Helicobacter pylori in selecting high-risk individuals. Infection with the bacte-
rium was accepted by an IARC Working Group as a cause of gastric cancer
[33], and prevalent infection can be detected by serum antibody levels. How-
ever, the prevalence of seropositive individuals is high in many populations
[34,35], and, although seropositivity predicts some excess risk, it is neither
sensitive nor specific enough for screening purposes.
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9. Screening for lung cancer

D. Maxwell Parkin and Paola Pisani

1. Introduction

Lung cancer appears to be an obvious priority for screening programs, accord-
ing to many of the well-known evaluative criteria [1]. It is currently the most
common cancer worldwide, both in terms of annual numbers of cases [2] and
deaths [3]. Survival from lung cancer is poor — only about 12% for men in the
United States [4], rather lower (8%) in European centers [5], and even worse
in developing countries [6]. Several early attempts were made to screen for
lung cancer in uncontrolled projects that mainly relied upon regular chest x-
rays — for example examinations every six months in the Veterans Adminis-
tration study [7], the Philadelphia Pulmonary Neoplasm Research Project [8],
and the South London Lung Cancer Study [9]. These, and the more recent
controlled studies referred to below, confirmed that regular chest x-ray exami-
nation could detect tumors that were at an earlier stage (smaller and with less
spread), and that these had better survival than cancers detected following
clinical presentation.

2. Screening by cytological examination of sputum samples

The clear findings from the early studies seemed to provide (and still provide,
for many clinicians) powerful evidence for the effectiveness of screening.
However, by the early 1970s, when the National Cancer Institute collaborative
trials on lung cancer screening were being initiated, interest had largely moved
to the possible benefit that could be achieved by adding cytological screening
of sputum to regular chest x-rays [10]. This was a pity, because it is now self-
evident that the components of these early results attributable to biases of
selection, lead time, length bias, and overdiagnosis [11,12] had scarcely been
addressed at all. Although sputum cytology can detect asymptomatic lung
cancer — including cases not visible on chest x-ray — screening by cytological
examination of sputum samples has been uniformly unsuccessful in reducing
lung cancer mortality. Thus, the two trials in the cooperative early lung cancer
detection program, in which four-month sputum examinations were added to
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annual chest x-rays in the intervention group (the Memorial Sloan Kettering
Study [13,14], and the John Hopkins Lung Project [15]), did not demonstrate
any reduction in mortality in the group receiving cytological examinations. It
is possible that immunocytochemical detection of tumor-specific surface anti-
gens on sputum cells will provide a higher specificity (and positive predictive
value) than cytology [10], but the value of these newer approaches remains to
be demonstrated.

In the remainder of this brief review, we shall examine the current state of
evidence for the effectiveness of screening by chest x-ray examinations.

3. Screening by chest x-ray examination

Uncertainty about the efficacy of lung cancer screening has undoubtedly in-
hibited its introduction as a widespread routine service, so retrospective obser-
vational studies are few in number. One case—control study in the former
German Democratic Republic [16,17] showed no difference in screening his-
tory in lung cancer deaths and in controls, while a second in Japan [18]
suggested a small (nonsignificant) reduction in the risk of death (odds ratio
(OR), 0.72) in relation to very recent (interval <12 month) examinations. In
view of the problems of interpreting case—control studies — in particular, the
potential for selection bias [19-21] — it is fortunate that, for lung cancer, five
controlled trials have been reported in which individuals have been allocated
to intervention (screened) or control groups and self-selection has played no
part in the outcome.

These trials are listed in table 1. In none of them was the control group
completely unscreened, although in two studies (the North London and Czech
trials) the controls must have received very little screening between enroll-
ment (at which an x-ray of all subjects was performed to eliminate “prevalent”
cancers) and an end-of-study examination three years later.

The Erfurt county study [22] is the least satisfactory. It compared the male
population aged 4065 living in four counties and offered six-month screenings
(41,532 subjects) with a control group (102,348) in the other 10 counties, for
whom screening at one- to two-year intervals was offered. Selection of study
and control areas was presumably nonrandom, and it is not clear how compar-
able these areas were, although lung cancer incidence prescreening and mor-
tality from all causes during the trial were similar. Lung cancer mortality can
be estimated, and was slightly higher in the intervention group than in the
controls during the seven-year study (0.76 per 1000 person-years (py) vs. 0.73
per 1000 py).

The two studies in U.S. compared groups offered regular chest x-ray screen-
ing with control populations receiving “regular” care (and a lower frequency
of examination).

The Kaiser Permanente study [23] compared 5138 individuals (both sexes)
aged 35-54 at entry receiving annual multiphasic health checkups (MHCs),
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including a chest x-ray examination, with 5536 controls left to make their own
arrangements for checkups. Assignment was random, and, over the next 16
years (1965-1980), screening was considerably more intense in the MHC
population (84.3% with at least one examination; average number, 6.8) than
the controls (63.8% screened; average, 2.8 times). Despite this, there was no
significant difference in mortality rates from lung cancer between the MHC
group (0.54 per 1000 py) and controls (0.48 per 1000 py).

The Mayo Lung Project [24,25] began in 1971, and 9211 men aged 45 and
over with a history of heavy cigarette smoking were randomized. The inter-
vention group received chest x-rays and sputum cytology every four months
for a six-year period, with full compliance of 75%. The control group was
advised at enrollment to have yearly chest x-rays and sputum tests — advice
that was quite well followed, since 73 % of these subjects had at least one chest
x-ray in the last two years of the intervention period. Postscreening observa-
tion continued for an average of three years, so about 38,000 py of observation
accrued in both groups. Neither at the end of the intervention period nor at the
end of follow-up was there any difference in mortality between the two groups
(3.2 per 1000 py in the intervention group; 3.0 in controls).

The first randomized controlled trial of lung cancer screening [26,27] in-
cluded 55,034 men aged 40 or more working in 119 factories in north London.
Randomization was by factory (stratified by type and locality) and was very
successful in producing two groups very similar in age structure and smoking
history. Both intervention and control groups received an initial prevalence x-
ray, and subjects who were negative were randomized to receive either screen-
ing every six months or nothing. A final x-ray was performed on everybody
after three years. Compliance seems to have been good, with the intervention
group receiving 75% of the scheduled screening x-rays. Of the controls, 63%
appeared for their final three-year exam, and it is very unlikely that they
received any x-rays, except for diagnostic purposes, outside the trial. Follow-
up of the two groups to three years was 99% complete, during which time
mortality rates from lung cancer were 0.70 per 1000 person years in the
screened group, and 0.79 in the controls (not significantly different).

A more recently reported randomized controlled trial in Czechoslovakia
[28] was somewhat similar in design to the North London trials (initial preva-
lence examination, screening every six months in the intervention group, final
exam of both groups at three years). However, the 6364 subjects were confined
to male smokers aged 40-64, individual randomization was performed, and
follow-up of both groups was continued for three years postintervention with
annual examinations. Compliance with screening was high (90% to 95%), and
virtually no screening examinations of control subjects took place. At the end
of six years, mortality rates from lung cancer were 3.6 per 1000py in the
intervention group and 2.6 per 1000py in the controls.

Four of these studies (no data are available for the Kaiser Permanente
study) confirmed that the lung cancers detected by screening were smaller in
size and more usually resectable, and these cases had higher five-year survival

124



Table 2. Incidence of lung cancer in trials of screening

Cases
Duration OR
Trial of folllow-up Person-yrs No. Rate/1000 py (95% C.1)
Erfurt Tyr 1. 274,500 I. 374 14 1.37
county [22] C: 670,800 C: 667 1.0 (1.21, 1.55)
Mayo Lung 1lyr I: 37,800 I. 206 5.5 1.28
Project [25] C: 37,700 C: 160 43 (1.04. 1.57)
North London 3yr I: 88,248 I: 101 1.1 1.13
study [26] C: 75,132 C:76 1.0 (0.84,1.52)
Czech 6yr I: 17,880 I 108 6.0 1.33
trial [28] C: 18,080 C: 8 4.5 (1.00, 177)

1 = Intervention; C = Control.

than cases detected by nonscreening examinations (which were often per-
formed because of symptoms). These differences, of course, appear in any
comparison of the intervention and control groups. Of considerable interest,
too, was the observation of higher incidence (detection) rates of lung cancer in
the intervention populations (table 2). In both the Mayo Lung Project and the
Czech trial, this higher incidence appeared throughout the screening period
and persisted unchanged after the intervention ceased.

The remarkable consistency of the results of these trials seems to point to a
lack of any reduction in mortality as a consequence of screening. The more
favorable outcome for the screen-detected cancers is presumably a conse-
quence of lead time and length-biased sampling and, more importantly, of
overdiagnosis bias in the screened population [12]. Overdiagnosis occurs in
two circumstances. The first is when screening examinations detect lesions
that, had they not been found, would never have caused clinical disease in the
individual. This form of pseudo-disease could even be associated with an
increase in mortality from “lung cancer,” if there were any excess mortality
associated with treatment. The second type of overdiagnosis results from the
detection by screening of cancers in individuals who, if unscreened, would
have died of a different cause before the cancer came to light. Because cancer
has been diagnosed, it is certified as a cause of death; had it remained undetec-
ted, a different cause would be allocated. This is a far from implausible
proposition in populations of heavily smoking middle-aged and elderly men
with high death rates from cardiovascular, cerebrovascular, and chronic ob-
structive pulmonary disease. Lung cancers unsuspected during life may be
found in a surprisingly high percentage of autopsies of smokers. In Trieste,
Italy, where a high percentage of deaths are autopsied, Delendi et al. [29]
found that 30% of lung cancers diagnosed at autopsy were found in men who
had been certified as dying of a different condition. An autopsy series from
Yale [30] found that 31% of lung cancer cases found at autopsy had not been
diagnosed during life (and in rather more than half, cancer had not even been
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suspected), while in Scotland [31] the percentage was 34%. It is clear that there
is quite a pool of undetected lung cancer, and the excesses of 15% to 35% in
lung cancer diagnoses in intensely screened populations are broadly what
might be expected.

In any case, it is very unlikely that the increased incidence is due to chance,
as has been suggested in a recent article [32]. The statistical probability is small
in all of the studies, as shown in table 2, and for the increase to have occurred
by chance in all four is extremely unlikely. The pooled estimate of the RR
from the four studies listed in table 2 is 1.32 (95% confidence interval, 1.20-
1.45).

Recently, the National Cancer Institute of the United States has funded a
very large-scale screening trial, including annual chest x-ray examination to
prevent lung cancer deaths. The rationale has been described by Smart [33],
who draws attention to the familiar observations of favorable stage shift and
improved survival in screen-detected tumors. Smart also points to the small
size of previous studies and the consequent lack of power to detect small
mortality reductions. In fact, power calculations for trials which ignore their
actual results is a rather disingenuous approach. Thus, given the results ob-
served in the Czech trial, the probability that a true reduction of 10% in
mortality had been missed is 0.01. The pooled relative risk of death (interven-
tion/control) for the five studies combined (table 1) is 1.07 (95% CI, 0.95-
1.20), so the probability of having missed a 10% mortality reduction is less
than 0.05 (table 2).

4. Conclusion

Currently, there is no evidence whatsoever that lung cancer screening is effec-
tive. Even if a small reduction in mortality can be demonstrated in the ongoing
U.S. trial, questions will remain as to the cost-effectiveness of this approach. In
the future, the possibility of identifying genuinely high-risk groups through
genetic markers of susceptibility may mean that screening could be better
targeted.

It would, however, be a pity to divert attention from the need to pursue a
vigorous approach to primary prevention through curbing tobacco use.
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10. Screening for melanoma

J. Mark Elwood

1. Introduction

Screening for cutaneous melanoma was reviewed by the International Union
Against Cancer in 1990, with the conclusion that the potential for benefit was
considerable, but that the effectiveness for screening was still to be demon-
strated [1-3]. In this chapter, selected studies published since then will be
reviewed, in the context of trends in melanoma, recommendations for screen-
ing, current use of screening, data on the performance of the screening test,
and requirements for further research. A previous, detailed review of this
topic concluded that screening for melanoma had potential but not demon-
strated benefit, had substantial costs and potential hazards, and required fur-
ther assessment, ideally by a randomized trial [4].

2. Trends in melanoma

In most countries, incidence and mortality from melanoma have been rising
for several decades up to recent times [S]. This long-term trend has been
accompanied by especially strong increases in the frequency of melanoma on
intermittently exposed sites such as the trunk. Recent studies in general show
a leveling off or even a fall in mortality rates, particularly at young ages or in
recent birth cohorts, while most reports show a continuation of increasing
rates of incidence. A reduction in mortality rates in birth cohorts of women
born since the early 1930s and of men born since the 1950s has been shown in
United States data [6]. By age, the reductions were seen at ages under 40, with
a continued increase at ages over 50, and projections suggest that the long-
term upward trend in mortality rates should change by the second decade of
the twenty-first century [7]. Connecticut incidence data [8] show that the rate
of increase of incidence of melanoma slowed substantially in males up to 1989,
but not in females; further increases in incidence are projected through the
1990s, with a greater increase in females. In Canada, the incidence rate
doubled in women from 1969 and 1988, and increased even more in men. The
rise in mortality in women lasted to the mid-1980s; since then it has shown
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some fall, but in men the upward trend has continued [9]. In Queensland,
Australia, incidence rates of invasive melanoma rose by more than 50% in
women, and more than doubled in men, between 1980 and 1987 [10]. Over the
whole country, incidence increased [11], and the increase in mortality, while
much less than that of incidence, averaged 2.5% per year in men and 1.1% per
year in women from 1969-1989. A leveling off or even reduction in incidence
or mortality rates in recent birth cohorts or in younger adults has also been
reported from several other countries. A detailed analysis in Sweden [12]
shows stabilization of the previously increasing mortality rates in the 1980s,
with this being explicable by improvements in survival rates counteracting the
increase in incidence [13]. The Swedish study showed no evidence of drift in
diagnostic criteria, but large increases in the proportion of thin melanomas,
which they attributed to earlier diagnosis. However, there was also an increase
in the proportion of superficial spreading melanoma (SSM) and a decrease in
the proportion of acral lentiginous melanoma (ALM), suggesting “changes in
unmeasured biological features.” Thus these and other recent results [14,15]
show that in many countries melanoma incidence and mortality may be begin-
ning to level off, at least in some age groups, but melanoma remains and is
likely to remain a serious disease and a major contributor to cancer incidence.

There have been large shifts towards the diagnosis of thinner lesions and
improvements in postdiagnosis survival. In some countries, such as Scotland
[16], this shift to earlier diagnosis may be due to specific educational programs
to increase public and professional awareness, but in other countries there is
little evidence of systematic educational programs, and the shift must be
occurring by a less systematic increased awareness and improved care of early
lesions. In no country has systematic screening been undertaken on a large
scale in a way that would contribute substantially to these improvements in
survival.

3. Natural history of thin melanoma

Consideration of these incidence and survival trends has suggested that an
increasing proportion of lesions removed and classified as early invasive mela-
noma may have a benign natural history [17], and this possibility has been
examined in important studies by Burton and colleagues [18,19]. They have
shown, using primarily Australian data with confirmation in New Zealand and
Scotland data, that the very rapid recent increases in melanoma incidence
have been due primarily to the excision and recording of very thin lesions, and
the details of these trends accompanied by a continuing increase in the inci-
dence of thicker lesions suggest that advancement of diagnosis is not the total
explanation. These increases have been extreme, and noted in the mid-1980s
or later; for example, the incidence of invasive melanoma in one area of New
South Wales almost doubled between 1986 and 1988 [19], due primarily to an
increase in thin melanomas, and similar results have been seen in several other
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Table I. Recent increases in diagnosis of melanoma in two areas
of New Zealand

A. Tauranga

1980-84 1985-89 % increase
Depth of lesion
0-0.75mm 25 92 268
0.76-1.49mm 28 53 89
>1.5mm 43 61 42
Total invasive 96 206 115
B. Auckland

1985 1990 % increase
Depth of lesion
In situ 71 335 372
0-0.75mm 114 307 169
0.76-1.49mm 59 86 46
1.5-3mm 46 52 13
>3mm 21 22 5
Total invasive 240 467 95

Note: Data are numbers of cases; changes in population at risk are
minimal.

From: Brown and Palmer [20], Elwood and Glasgow [21], and
Mullin and Crombie, 1991 (unpublished).

areas. Recent New Zealand data are shown in table 1 [20,21]. Burton et al. [18]
suggest that there has been a real increase in the incidence and increasing
diagnosis of “a pre-existing, non-metastasizing form of thin melanoma.” This
has major implications for screening, since it raises the possibility that early
diagnosis, whether occurring through general increased professional aware-
ness or due to systematic screening programs, may lead particularly to the
removal lesions that appear clinically and pathologically malignant, but which
would demonstrate a benign natural history if left in place. This situation
should be anticipated with any new screening test for early disease [22], and
there are analogies to possibly nonprogressive lesions in the uterine cervix, the
breast, and other sites identified by early diagnostic tests. This situation em-
phasizes the need for careful evaluation of screening in terms of ultimate
benefit, judged by the incidence of deeply invasive or metastatic disease and in
due course the effect on mortality rates.

4. Recommendations of influential groups about melanoma screening
Screening is being recommended and practiced at present, but with wide
diversity of opinions of its value. In the United States, both regular physician

skin examination and self-screening are advocated by the American Cancer
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Society [23] and the American Academy of Dermatology [24]. Friedman et al.
[25], writing in conjunction with these two American organizations, conclude
that “a complete annual examination of the skin by a physician is recom-
mended for everyone, supplemented by monthly self-examinations by the
patient. Patients with a personal or family history of malignant melanoma, as
well as those with dysplastic nevi or any of the other risk factors, should have
more frequent examinations by both their physicians and themselves.”

In contrast, general-population skin screening is not recommended by the
Canadian Task Force on the Periodic Health Examination or by the U.S.
Preventive Services Task Force [26,27]. Both groups base their recommenda-
tions on a critical review of published evidence. Both, however, recommend
skin examinations for high-risk groups; the U.S. group recommends screening
by complete skin examination for “persons with a family or personal history of
skin cancer, clinical evidence of precursor lesions (e.g. dysplastic nevi, certain
congenital nevi), and those with increased occupational or recreational expo-
sure to sunlight.” These categories, especially the last, could include a substan-
tial proportion of the population. General population screening is not
recommended by the Australian Cancer Society [28] or by the International
Union Against Cancer, which had recently published a Melanoma Control
Manual [29]. The U.S. National Cancer Institute (NCI) state-of-the-art state-
ment on screening for skin cancer in September 1993 [30] shows that only
poor-quality evidence is available. While the NCI report concludes that “evi-
dence from non-experimental studies suggests a decrease in mortality from
routine examination of the skin,” the evidence quoted refers to the effects of
public education programs, rather than screening programs.

In 1992, the National Institutes of Health (NIH) Consensus Development
Conference on early melanoma [31] concluded that “there is sufficient evi-
dence to warrant screening programmes for melanoma in the United States.”
However, the justification for this conclusion is not made clear: indeed, there
is no evidence given for the effectiveness, as distinct from the potential effec-
tiveness, of screening. The only evidence quoted is “preliminary evidence
from uncontrolled trials in countries such as Scotland”; however, the studies
in Scotland do not assess screening, but are studies of educational programs.
The NIH group concluded that “there is a reliable screening test” and other
conditions for potential benefit, but also note that a randomized trial has not
been done, and that “the primary care medical community is not yet ad-
equately prepared for undertaking or responding to patient-screening
programmes.”

5. Current use of screening

In a detailed population-based survey, in New South Wales, Australia, 17% of
1344 randomly selected subjects had had a skin examination from their family
practitioner in the previous year, and 48% reported having used self-screening
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[32]. This is a high-prevalence figure, but there is no information on the
thoroughness or regularity of screening. A survey in the Gold Coast area, an
affluent coastal area of Queensland with extremely high melanoma rates,
showed that 76% of 995 randomly selected adults engaged in some form of
skin examination, 60% using self-examination and 55% examination by a
doctor. About half of these medical consultations were for a general skin
examination, and others for consultation regarding a specific lesion. Much of
the self-checking behavior was restricted to the more accessible body sites
[33]. Only 15% of respondents had actually been taught how to check their
skin. In a New Zealand study of 1000 adults in 1992, 65% of respondents had
checked their skin for changes in the last year, a third by an examination by
a doctor and the rest by self-checks or checks by family; and in a separate
New Zealand study of 21-year-olds, 53% reported deliberately checking
their own skin for suspicious changes in the last year (Douglass, personal
communication).

6. Potential benefits and hazards of screening

The potential benefit of screening is based primarily on the large variation in
survival rate by depth of invasion for localized tumors, with a range from 47%
to 96% five-year survival relating to depths from 4mm down to less than
0.76 mm [34]. In high-incidence countries, most melanomas are thin; 52% of
melanomas were less than 0.76mm in Australia in 1989 [35]. This variation in
survival rates is very large and is too great to be explained by a lead-time
effect. However, the previously noted question of thin melanomas including a
proportion that may not be biologically aggressive raises further questions
about the validity of the argument that this variation demonstrates the value of
early diagnosis.

The potential hazards of screening, such as the effects on health service
demands and costs, are also very considerable. Public education campaigns
result in a doubling or greater increase in the number of hospital referrals [4].
Open-access skin-examination clinics may result in very high proportions of
patients being referred, such as 31% in Massachusetts [36]; however, this is not
always the case, as shown by the much lower referral rate of 10% seen in the
Netherlands [37]. The proportions of subjects referred for suspected mela-
noma are much lower than these, but this example illustrates the great diffi-
culty in deciding on what range of conditions detected at a screening
examination require referral.

A major issue in programs of screening and also in any trials is therefore the
provision of adequate, prompt, and efficient referral services for those who are
regarded as abnormal in the screening test, and efforts to ensure a high
compliance with the follow-up offered. Studies in Sweden [38,39] found no
major psychological problems due to involvement in public melanoma screen-
ing or due to assessment as a family member of a melanoma patient.
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7. Performance criteria for the screening test: skin examination
by a physician

A major difficulty is that the performance characteristics of the proposed
screening examinations, whether skin cancer examination by a health profes-
sional or self-assessment, are still largely unknown, particularly in regard to
the use of these tests in an asymptomatic general population [4,40]. Some
studies [41] show high values of sensitivity, specificity, and predictive value,
but are based on hospital examinations by dermatologists of patients who have
already been selected for referral by primary care physicians.

While many open-access skin clinics provide an assessment only of the
lesion presented by the patient, or a limited examination of easily accessible
body sites, many lesions will only be found by a more thorough examination
[42]. The patient’s willingness to undertake a full-body skin examination can
be helped by written explanations of the need [43].

More information is needed on the effects of different criteria for referral or
biopsy. The clinically used criteria, such as the A,B,C,D,E list (Asymmetry,
Border irregular, Color mixed, Diameter greater that 6mm, Elevation) [44]
and the Glasgow seven-point check list [45], are put forward as clinical guides.
The decision points using the ABCDE list have not been specified; for the
Glasgow list, the advice is that all patients with one or more of the major signs
of change in size, shape, or color should be considered for referral, and the
presence of minor signs of inflammation, crusting or bleeding, sensory change,
or diameter over 7mm should also encourage referral. Several clinical studies
have assessed these criteria as they apply to patients seen at referral centers
[4], but their use in a systematic fashion in a screening situation has not been
assessed. Since these criteria are based mainly on the experience of specialists,
seeing patients already referred from primary care, the criteria do not ad-
equately describe the very early lesions that are most relevant to screening
[46]. There are few studies also on interobserver consistency; one small study
has shown reasonable agreement in a screening situation for skin lesions such
as atypical nevi, but did not include melanomas [47], and another study of
pigmented lesions and nevi showed that dermatologists and plastic surgeons
showed higher diagnostic accuracy than other physicians [48].

The other screening test proposed is self-screening, and again there is a
need for further evaluation of its performance characteristics. In relation to
self-examination for nevi, Gruber et al. [49] assessed the ability of dermatol-
ogy patients without melanoma to record the number of freckles and palpable
nevi on their right forearm, and nevi greater that 5Smm in diameter on their
entire body. Compared to counts by a dermatologist, specificity ranged from
83% to more than 95% for these three cutaneous markers. Similarly, Lawson
et al. [SO] showed good correlations between self-counting of large nevi by
patients visiting the melanoma screening clinic at the Lawrence Livermore
Laboratory and subsequent counts by a physician. These studies suggest that
self-examination for skin pigmentary characteristics may be useful in identify-

134



ing individuals at high risk for melanoma. In contrast, in Australia, a study of
132 subjects from the general population showed a poor correlation between
nevus counts on the arm carried out by lay interviewers and by dermatologists
[51].

8. Frequency of abnormalities in the general population

An important issue is the prevalence in a general population of the early signs
of melanoma given by various authorities. In a large study in New South Wales
[32,52], 12% of the 1344 respondents had noticed changes of the ABCDE type
in the previous year; 6.8% had sought medical advice, 3.2% had a biopsy, and
0.5% had a melanoma diagnosed. The predictive value of having any of these
signs of melanoma was therefore 4.2%. In a study of some 900 subjects aged 21
years in New Zealand, 205 had noticed changes in a mole or freckle in the last
12 months, and 46% of those who did had sought medical advice (Douglass,
personal communication). Given that in this age group the five-year cumula-
tive risk of melanoma would only be about one in 1000, the predictive value of
these changes is extremely low. Thus a major problem in skin cancer screening
is that features that have been used primarily for the clinical assessment of
lesions for which the patient has taken the initiative of seeking help, or lesions
that have already been seen by a primary care physician and then referred to
a specialist, cannot be used uncritically to set up appropriate decision rules for
a general-population screening program, where the frequency of disease will
be so much lower.

9. Evaluation of screening programs and related activities
9.1. Evidence for the impact of professional and public education programs

MacKie et al. [16,53] have shown a reduction in the incidence and in the
mortality of deep melanoma in women in Scotland, which followed intensive
public and professional education programs, with no effect on the rates in
men. Other less detailed studies from other parts of the United Kingdom,
Europe, and Australia also show short-term indicators of the impact of educa-
tion [4,54]. Such data, which are relevant to the assessment of the effects of
public education programs, should not be interpreted as evidence for the
benefits of screening.

9.2. Evaluation of open-access skin-check programs
The use of open-access skin-check programs, held at community centers, at
locations such as beaches, or in ordinary health care facilities, has been a major

component of efforts for earlier diagnosis of skin cancer in many countries,
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Table 2. Results of skin examinations performed on population groups and in open access skin
screening situations

Referred Melanoma  Predictive
Total (%) Follow-up confirmed  value (%)

Netherlands: open access screening by dermatologists, 1989-1990 [37]

Total number examined 2564

Referred: total 262 102 221 9 4.1
susp. skin cancer 103 4.0 93 8 8.6
other 159 6.2 128 1 0.8

Massachusetts: open-access screening by dermatologists, 1986-1987 [36]*

Total number examined 2560

Referred: total 787 307 288 9 31
melanoma 26 1.0 22 9 40.9
dysplastic or congenital nevus 197 7.7 110 0 0.0
nonmelanoma skin cancer 236 9.2 156 0 0.0
other 328 128 0

Geraldton, Australia: research survey by dermatologists, 1987 [58]

Total number examined 4103

Referred: total 920 224 701 20 29
melanoma 39 1.0 36 12 333
suspicious pigmented lesion 73 1.8 68 2 29
nonmelanoma skin cancer 749 183 558 6 1.1
other 59 1.4 39 0 0.0

2 Assumes all 9 melanomas confirmed were in clinical “melanoma” category. Follow-up information was
not sought for the “other” category.

and has been reviewed previously [4]. The contrast between high-referral rates
in the United States experience and the lower referral rate in the Netherlands
has already been noted and is shown in table 2. This later rate probably relates
to a different attitude toward screening and toward medico-legal issues. In
Europe, Rampen and his colleagues have been able to limit the referrals to
lesions suspicious of melanoma, and have not referred so many patients with
other suspect lesions, whereas in the United States, the examining dermatolo-
gists refer patients with a range of suspected lesions, including, in the earliest
report, senile keratoses. The results of these programs in terms of sensitivity
depend on how one classifies patients referred for different reasons [4]. This is
one of the major limitations of skin checks, and a major potential problem for
skin screening programs. In subsequent years, the criteria for referral in the
ADD programs have been changed, and results from an extensive follow-up
program are being prepared (Koh, personal communication). The other major
limitation of these studies as a guide to the effectiveness of the screening is that
the patients are self-referred, and in the United States and New Zealand
experience, many of those coming have suspicious signs and symptoms [55,56].
The situation may be different in Europe, where Rampen et al. [S7] report that
those coming to screening clinics were not at higher risk than the general
population. The self-selection of subjects will have the effect of increasing the
yield of the program and making its operational performance statistics more
impressive, but self-selection will limit the impact of the program on a popu-
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lation basis, and also limit the applicability of the results to a general
population.

9.3. Evaluation of skin examinations of a defined population

There are very few studies that report results from screening campaigns in a
defined population. The most detailed is a research study in Geraldton, West-
ern Australia [58], in which 4103 Caucasian subjects — about 76% of all adults
aged 40-64 on the electoral roll — were examined by one of nine dermatolo-
gists (excluding underwear and hair areas). The results (table 2) showed a
referral recommendation of 22% of those examined, although most of these
were for basal and squamous cell cancer, with 1% clinically diagnosed as
melanoma and 1.8% as another suspicious pigmented lesion. Twenty melano-
mas were confirmed, of which 12 were clinically diagnosed, and two were in
the suspicious pigmented lesion category; the other six were amongst the 514
subjects clinically diagnosed as basal cell cancers. Although these data are
useful, since they refer to an unselected population, the thoroughness of the
examination and the time spent on it for this detailed research study is likely
to have been considerably greater than would be possible in a mass screening
situation.

The most comprehensive and thorough education and early diagnosis pro-
gram is that carried out at the Lawrence Livermore National Laboratory in the
U.S.A. over the last several years. This program was set up in response to a
suspected increased incidence of the disease. Since 1974, when high awareness
of melanoma risk within the work force was accompanied by freely available
on-site dermatological examinations, the five-year survival following diagnosis
of all melanomas has been 100%. Thus, within the limitations of the size of the
group studied and the length of follow-up, complete avoidance of melanoma
death has been achieved [59]. The costs of this program are, however, around
$150,000 per year for a community of 10,000 subjects, and so could not easily
be replicated on a large scale [60].

9.4. Selective screening of high-risk groups

The issue of restricting screening to higher-risk subjects has received much
attention, with the main approaches being selection of high-risk subjects on
the basis of family history and dysplastic nevi, and secondly selection by other
phenotypic characteristics such as total nevus count [4]. The NIH studies have
shown very high absolute risks of melanoma in subjects with strong family
histories (at least two family members affected) of melanoma, and with the
presence of dysplastic nevi, with an eight-year cumulative risk of 7%, although
with wide confidence intervals [61]. Intensive surveillance of such subjects by
regular clinical examinations aided by photography to monitor changes has
shown that further melanomas are diagnosed while they are particularly thin
[62-64]. However, the selection and surveillance of these particularly high-risk
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subjects, with dysplastic nevi and a family history, will not have a major impact
on the whole population problem of melanoma [4,65]. The clinical and patho-
logical definition of atypical nevi or dysplastic nevi is still an area of difficulty,
and was the topic of a NIH consensus conference in 1992 [31]. Studies compar-
ing pathologists’ assessments of dysplastic nevi show considerable variations
[66,67].

The other major method suggested is the selection of subjects at higher risk
on the basis of other risk markers. In Australia, having five or more raised
moles on the arm is a strong risk indicator, and can be combined with other
variables to select high-risk subjects [68]. A similar approach has been sug-
gested in Canada [69]. Such systems may identify between 5% and 15% of a
general population, which should contain between 25% and 55% of melanoma
subjects [4]. Such methods will increase the yield of selective screening but will
reduce its sensitivity considerably, since many or most melanomas will occur in
the unscreened lower-risk group. In Scotland, a risk chart has been produced
from a case—control study that shows considerable distinctions in risk, but does
not allow the estimation of the effect of such selection in population terms
[70].

10. The evaluation of melanoma screening

The major issues involved in the assessment of melanoma screening have been
reviewed in detail [4]. The screening modality of most interest is skin examina-
tion by a health professional, since this is what is being widely recommended.
The American experience has emphasized screening by dermatologists, but
even in the U.S. it would be logistically impossible for screening of a general
population to be carried out by dermatologists. In countries with a stronger
primary care sector, screening by general practitioners/family doctors would
be possible. A major question is whether the screening involves an invitation
to the patient and a visit specifically for that purpose, or is combined with a
visit for other purposes. While the former situation is much more amenable to
study in a trial and allows for stringent quality control, the latter may be more
practical and less expensive. Screening by other health professionals, or even
by specifically trained nonprofessionals, is another possibility that has not
been explored. The second major modality is self-screening, which is also
being recommended by some authorities, but on which there is even less
information available.

Any trial needs to pay great attention to the scientific, economic, and ethical
issues involved in the decision criteria and the pathways of referral. One
solution to the problem of referral would be to have two pathways of referral.
Subjects with lesions suspected of being melanoma could be offered immedi-
ate expert follow-up by further assessment and biopsy, within the screening
trial itself. Those with other lesions found, whose earlier diagnosis is not within
the objectives of the trial — such as suspected nonmelanoma skin cancers and
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benign lesions — could be advised to go to their normal medical caregiver for
further action. Follow-up to check whether this action is taken would be
advisable. While the ultimate endpoint of such a trial should be mortality from
melanoma, interim endpoints such as the incidence of deep or metastatic
melanoma will be useful, and the total incidence of melanoma is also relevant
since, as noted above, screening may lead to the detection of apparently
malignant but nonprogressive lesions.

10.1. Randomized trials of melanoma screening

The previous review [4] illustrates designs for individually randomized trials
and community randomized trials of melanoma screening. A trial using indi-
vidual randomization, offering screening to 260,000 subjects in two annual
rounds with three years of follow-up, is estimated to cost some $10 million, of
which 80% is the cost of screening as distinct from the cost of evaluation. A
major issue in trial design is therefore the cost of the screening program itself.
It is to be hoped that forward-thinking health authorities, who in the absence
of a trial may be obligated to spend large sums on screening programs on the
basis of current recommendations, will cooperate with researchers by covering
the costs of demonstration screening programs, leaving research budgets to
contribute the costs of the trial component itself. In practice, it is likely that
considerably longer follow-up will be necessary to demonstrate an effect, and
larger sample sizes and a longer screening period may be necessary.

The major options for setting up programs that could be evaluated would
be to offer screening on a systematic basis to defined groups in a fashion
analogous to mammography or cervical cancer screening, through a special
facility and program; the difficulty of this is that the screening service needs to
be set up alongside and in fact in competition with usual medical care. A
second option is to promote screening through family doctors and to design a
study comparing individual doctors’ practices or communities in which screen-
ing is actively promoted with a comparison group. The success of such a trial
will depend on the success of improving the uptake of screening dramatically
by such promotion. A proposal has been developed in Australia for a trial in
which small communities would be selected, screening by family doctors and
self-screening would be actively promoted by individual and community ap-
proaches, and the incidence and mortality of melanoma in that community
would be compared to similar communities without active promotion. The
proposal calls for populations of approximately 250,000 in each group in a
high-incidence area, and would require at least 10 years of follow-up to dem-
onstrate a difference. The success of the trial in assessing screening would
depend on the community-based promotion methods being able to achieve a
very major increase in the use of screening compared to the comparison
groups, which may be a difficult task in itself.

Another major trial design would be to assess screening in higher-risk
subjects, either self-selected or selected by some systematic prescreening pro-
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cedure. Such a trial, of course, answers a fundamentally different question that
the first option, since the effectiveness of screening in high-risk individuals
would not necessarily demonstrate that such screening would be effective in a
general community. The results of such a trial would depend considerably on
the actual risk level of those screened, and so might be difficult to generalize
because the methods and the effects of self-selection into the high-risk group
could vary considerably between communities. On the other hand, trial de-
signs that employ even a very simple questionnaire to a general population to
allow the selection of those with preset indicators of high risk involve a very
substantial cost component, which makes the logistics not greatly different
from that of a trial based on a general population.

As noted already, some authorities, particularly in the United States and
among dermatologists, take the view that clinical examination is a well-
established, simple, low-cost procedure. They also emphasize the difference in
postdiagnosis survival by depth of invasion in melanoma, and on this basis
argue that skin examination can achieve earlier diagnoses and that such earlier
diagnoses must result in reduced mortality and morbidity. They therefore
actively recommend screening, primarily by dermatologists, to the public.
Moreover, some of these authorities take the view that systematic evaluation
of screening, certainly by ambitious and expensive projects such as a random-
ized trial, is unnecessary. In contrast, other authorities conclude that although
skin examination is an accepted and apparently simple technique, its perfor-
mance is largely unknown, particularly as applied to unselected asymptomatic
subjects, and that the technique is not free of cost and risk. In particular,
regular skin examinations may lead to high rates of referrals, and the impact of
these referrals and their subsequent cost and morbidity needs to be consid-
ered. Moreover, while it is accepted that the variation in postdiagnosis survival
is substantial, the evidence suggesting that some or perhaps many of these
early-diagnosed lesions might not be true precursors of severe and fatal condi-
tions raises further questions about validity. Those who take this view advo-
cate further evaluation, and would argue that the logistic issues and the costs
of a large-scale randomized trial, while very substantial, need to be compared
with the very large continuing investment that is likely to be made if screening
is advocated and performed in the absence of such evaluation.

The difficulties of assessing screening for melanoma are compounded by
the simplicity and informality of the screening test. In comparison to
mammography or even uterine cervical screening, for example, it is much
more difficult to know if an individual has been screened and to assess the
timing and quality of that screening. Distinguishing screening from diagnostic
examinations is difficult. A reasonable analogy is to breast self-examination,
which has also been particularly difficult to assess.

It is therefore the view of this writer that further evaluation of screening for
melanoma is very important, and that the continued growing acceptance of
skin cancer screening in the absence of such evaluation is likely to lead to
much unnecessary health care expenditure and some morbidity, with perhaps
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no ultimate benefit. Despite the problems, efforts should be made to set up
evaluative studies. Such studies would ideally involve a randomized compari-
son, probably on a community rather than an individual basis, and might
require an international coordinated effort and the active collaboration of
health care providers with researchers. While some others agree with this
viewpoint [71], there is considerable resistance to such proposals and to the
commitment of resources they require [72]. The resistance comes from those
who believe that screening is already adequately established, but also from
those who feel that the short-term operational characteristics of screening
tests have been insufficiently evaluated to mount a trial at this point in time. A
major difficulty is that to delay a trial until much better information is available
so as to satisty the second set of critics will make satisfying the first set more
difficult, since the more screening is recommended and practiced, the more
difficult its evaluation will be.

10.2. Evaluation other than by randomized trails

Apart from randomized trials, other methods of assessing the effectiveness of
cancer screening include the comparisons of populations that differ in terms of
screening levels. This approach has been particularly useful, for example, for
uterine cervical cancer. The great difficulty of applying this approach to mela-
noma screening is the documentation of the extent of screening in different
communities. An approach, however, could be made by systematic surveys,
and if large communities could be assessed that differ considerably in screen-
ing, useful information might be gained.

A third option in evaluation is the use of case-control methods — compar-
ing subjects who die from melanoma or subjects with deeply invasive mela-
noma with controls drawn from the eligible population. In addition to the
difficulties of design inherent in the case—control approach when applied to
cancer screening, the particular difficulty again is the adequate and unbiased
estimation of the frequency and timing of previous skin examinations. If this
information has to be obtained from interview with the subjects or with
surviving relatives, the problems of error and bias may be considerable. There
might be better possibilities to mount a case—control study in a population that
might have more accurate documentation of past skin examinations, perhaps
in the context of a health medicine organization or some other situation with
particularly good medical records. However, the potential value of the case-
control approach still holds. The case—control approach also has the potential
of demonstrating whether screening results in the overdiagnosis of thin,
nonprogressive lesions, and proposals for such case-control studies have been
produced (Elwood, unpublished). Berwick et al. [73] have compared reported
screening in 123 incident cases of “lethal” melanoma in Connecticut, and in
control subjects obtained by random digit dialing. Preliminary results show a
significant protective effect of skin awareness, and a nonsignificant protective
effect for skin self-examination, adjusted for sex, age, sun exposure, total nevi,
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skin color, education, and family history of skin cancer. The response rate in
those with deeply invasive melanoma was less than in other subjects, and there
was a reduced odds ratio between all melanoma and the controls, which
suggests a self-selection effect for screening among all melanoma patients, or
bias in response to the questions, or selection effects in the control group.

11. New methods of skin screening

The method of skin screening discussed so far is clinical examination of the
skin, without any technological aids. Epiluminescence microscopy (ELM) is a
method of visualization of the skin using a hand-held magnifier placed on the
skin after application of a thin layer of mineral oil. ELM provides visibility
though the upper epidermis and a modest degree of magnification. The instru-
ment can be supplemented by a camera or electronic imaging system. Kenet et
al. [74] have reviewed the potential of ELM in improving the diagnosis of
suspected pigmented lesions, describing patterns that appear most character-
istic of melanoma (such as a multicomponent pattern, nodular pattern,
pseudopods, radial-streaming and blue-grey areas) as well as some patterns
more characteristic of benign pigmented lesions (such as a saccular pattern,
globular pattern, or comedolike openings). Steiner et al. [75] have shown that
the diagnostic accuracy for pigmented Spitz nevi (which can be confused with
melanoma) can be improved by the use of ELM. However, the use of ELM
even as a diagnostic aid for lesions that have already been recognized as
suspicious is in its early stages and is a long way from being useful as a
screening device.

Another method is the use of computerized image analysis methods to
distinguish between pigmented lesions that are likely to be malignant and
those that are likely to be benign. Preliminary work on the use of such systems
is being carried out in several countries, using computerized image-analysis
techniques applied either to standardized photographs or directly to patients’
lesions using a camera. Green et al. [76] have developed a system using a color
video camera and a computer program for image analysis that assesses the
size, color, shape, and boundary of a skin lesion and uses discriminant analysis
of past results to provide a binary diagnostic decision between melanoma and
nonmelanoma [76]. In a study of 164 lesions excised from 129 unselected
patients, there were 18 melanomas. Sixteen of these were correctly classified
by the computer system, as compared to 15 correctly diagnosed clinically; the
computer system gave 16 false-positive diagnoses, compared to 22 clinical
false-positive diagnoses; thus the system has been shown to be as or more
sensitive and more specific than clinical assessment. Both the computer system
and the clinical assessment misdiagnosed the same two melanomas, which
were small level-one lesions. Several systems have been developed, and some
are now commercially available from major manufacturers. The development
potential of such techniques seems very considerable, since more sophisticated
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artificial intelligence could be used, using neural networks and learning capa-
bilities rather than statistical analysis alone, and the system could include
historical data such as the length of time the lesion has been present and
history of changes as well as current information. The great potential of such
systems is that if they can approximate the clinical skills of an experienced
dermatologist, they could make that level of skill available in primary care.
This might particularly help in dealing with the problem of nonspecificity of
current clinical guidelines and the very high frequencies of removal of inno-
cent lesions in areas with a high incidence and public awareness of melanoma.

12. Conclusions

Systematic screening of the general population for malignant melanoma is not
recommended at present because there is no adequate evidence available of its
effectiveness. However, there is evidence of the potential effectiveness of such
screening. The evaluation of screening methods for malignant melanoma in
the general population is therefore a high priority for research, and the general
recommendation will need to be reviewed in the light of new research results.
This recommendation applies both to screening by skin examinations by a
doctor, and also to self-screening.

Screening of individuals at considerable increased risk of melanoma (be-
cause of factors such as the combination of the family history of melanoma and
a personal history of dysplastic nevi) is recommended, since evidence suggests
that such screening is likely to produce an improved outcome. This recommen-
dation, however, applies to small groups of particularly high-risk subjects who
should receive careful surveillance by a specialist or specialist unit. The temp-
tation to include in this group subjects who may have less well-defined risk
factors from melanoma, such as dysplastic or multiple nevi without family
history, should be discouraged.

The above recommendations refer to screening, that is, conducting system-
atic skin examinations on selected subjects. In contrast, there is reasonable
evidence that public and professional education programs aimed at increasing
public awareness of the early signs of melanoma, followed by good primary
care assessment and referral service, are effective in reducing melanoma mor-
bidity and mortality. Such programs can therefore be supported, although a
more systematic approach with appropriate evaluation is advisable.

The evaluation of melanoma screening is not easy, because of the possibili-
ties of selection bias, lead time effects, and the diagnosis of clinically and
pathological abnormal lesions with a benign natural history. Only a random-
ized trial will adequately deal with these issues. In view of the importance of
melanoma and the consequences of undertaking screening on a large scale if
doing so is in fact of little benefit, randomized trials should be given high
priority. Other methods of evaluation will also be useful, but will have substan-
tial limitations in their ability to assess ultimate benefit.
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11. Screening for Neuroblastoma

Mark L. Bernstein and William G. Woods

1. Introduction

Screening for a malignant disease is an attempt to find an asymptomatic
and curable disease before it develops into one that is both symptomatic and
incurable. The success of such a venture depends upon the sensitivity and
specificity of the screening tool used, the extent to which the target population
participates in the screening program, the ease with which the asymptomatic
disease may be cured, and the likelihood that the asymptomatic disease will
progress into an advanced-stage malignancy. Neuroblastoma is likely to be the
only pediatric malignancy subject to a screening trial, since the tumor com-
monly secretes chemicals that can be detected in urine, the disease is of
relatively high frequency (exceeded only by hypothyroidism among diseases
currently screened for in the early newborn period), and, when present in
advanced form in older infants, it is a disease that is extremely difficult to cure.

2. Neuroblastoma: a brief overview of an enigmatic disease

Neuroblastoma is the most common extracranial solid tumor of childhood,
affecting approximately 1:7200 children under the age of five years [1]. It has
its origin within cells of the neural crest, and so can arise anywhere in the
sympathetic nervous system, from the adrenal gland to the paravertebral
sympathetic chain to the organ of Zuckerkandel. At least 90% of affected
children are diagnosed before the age of five years, almost all before the age of
eight years. Thus, the tumor is likely of congenital origin. Young age at
diagnosis (<24, and particularly <12 months) and an early stage at the time of
diagnosis have been the longest-known, most reliable favorable prognostic
features. Various staging systems have been employed to describe the extent
of disease at the time of presentation. A comparative description of these
staging systems is reproduced in table 1.

In young infants, even extensive disease can undergo spontaneous regres-
sion. This is IV-S (S for special) disease, with a small primary tumor, and
metastatic disease involving any combination of skin, bone marrow, and liver,

A.B. Miller (ed), ADVANCES IN CANCER SCREENING. Copyright © 1996. Kluwer Academic Publishers,
Boston. All rights reserved.



Table 1. Comparison of staging system for neuroblastoma

CCSG system

POG system

International system

Stage I. Tumor confined to
the organ or structure
of origin.

Stage II. Tumor extending in
continuity beyond the
organ or structure of
origin, but not crossing the
midline.

Regional lymph nodes on the
ipsilateral side may be
involved.

Stage III: Tumor extending
in continuity beyond the
midline.

Regional lymph nodes may
be involved bilaterally.

Stage IV. Remote disease
involving the skeleton,
bone marrow, soft tissue,
and distant lymph node
groups (see stage IV-S).

Stage IV-S. As defined in
stage I or II, except for the
presence of remote disease
confined to the liver, skin,
or marrow (without bone
metastases).

Stage A. Complete gross
resection of the primary
tumor, with or without
microscopic residual
disease. Intracavitary
lymph nodes not adhered
to the primary tumor must
be histologically free of
tumor. Nodes adhered to
the surface of or within the
primary may be positive.

Stage B. Grossly unresected
primary tumor. Nodes and
nodules the same as in
stage A.

Stage C. Complete or
incomplete resection of
primary. Intracavitary
nodes not adhered to
primary must be
histologically positive for
tumor. Liver as in stage A.

Stage D. Dissemination
of disease beyond
intracavitary nodes (i.e.,
extracavitary nodes, liver,
skin, bone marrow, bone,
etc).

Stage DS. Infants <1yr of
age with stage IV-S disease
(see CCSG).

Stage 1. Localized tumor
confined to the area of
origin; complete gross
excision, with or without
microscopic residual
disease; identifiable
ipsilateral and
contralateral lymph nodes
negative microscopically.

Stage 2A. Unilateral tumor
with incomplete gross
excision; identifiable
ipsilateral and
contralateral lymph nodes
negative microscopically.

Stage 2B. Unilateral tumor
with complete or
incomplete gross excision;
with positive ipsilateral
regional lymph nodes;
identifiable contralateral
lymph nodes negative
microscopically.

Stage 3. Tumor infiltrating
across the midline with or
without regional lymph
node involvement; or,
unilateral tumor with
contralateral regional
lymph node involvement;
or, midline tumor with
bilateral lymph node
involvement.

Stage 4. Dissemination of
tumor to distant lymph
nodes, bone, bone marrow,
liver, and/or other organs
(except as defined in stage
4S).

Stage 4S. Localized primary
tumor as defined for stage
1 or 2 with dissemination
limited to liver, skin, and/
or bone marrow.

From Brodeur G, [6], with permission.
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but specifically not skeletal bone. The existence of this unusual form of disease
suggests that less widespread disease may also undergo spontaneous matura-
tion and regression. In fact, a variety of studies over time have suggested that
treatment beyond partial surgical removal may not be necessary for early-
stage disease in young infants. Moreover, small foci of neuroblasts may be
seen in the adrenal glands of fetuses and young infants who die of other causes,
with a frequency as high as 1:250 [2,3]. These “neuroblastomas-in-situ” pre-
sumably mature normally, without causing disease in the host. Thus, if neuro-
blastomas-in-situ produce catecholamine metabolites in sufficient quantity to
be detected by a screening test, a potentially confounding variable may be
introduced into a screening program, with a large number of children detected
with a condition that requires no therapy.

More recently, the biology of neuroblastoma has also been found to be a
very important determinant of prognosis. Two of the most important features
are the DNA content of the malignant neuroblast and the presence or absence
of amplification of the N-myc oncogene. If the DNA content of a normal cell
containing 46 chromosomes is arbitrarily defined as 1.0, then the most favor-
able neuroblastomas are near-triploid, with a DNA content of 1.25-1.75.
Diploidy is unfavorable, as is tetraploidy, or other unusual ploidy. These
ploidy findings are of particular prognostic significance in children less than 12
months of age at the time of diagnosis. Absence of amplification of the N-myc
oncogene is clearly prognostically favorable when compared with its presence.

These prognostic features interact; that is, children over 12 months of age
and those with advanced disease are much more likely to have either an
unfavorable DNA index, an amplified N-myc oncogene, or both. Moreover,
most of those with an amplified N-myc oncogene also have an unfavorable
DNA index. Tumors that present clinically have consistent biologic features
both at different disease sites and over time. Those that have unamplified N-
myc at diagnosis also have unamplified N-myc at second-look surgery or at
relapse. DNA content also remains constant. Therefore, there are no clear
examples of biologic progression of disease for clinically diagnosed cases,
although it is unclear if such progression occurs in the preclinical period [4,5].

Approximately one third of children with neuroblastoma present with dis-
seminated disease at more than 12 months of age [1]. Therapy of such children
has been particularly disappointing, with little improvement in a 10% to 15%
survival rate over the past 25 years. This is true even for children who undergo
bone marrow transplantation. The intensive preparative regimens seem able
to prolong remission duration without necessarily improving the ultimate cure
rate. The existence of this substantial subpopulation of hard-to-treat children
within the group of children with neuroblastoma has been a driving force
behind the institution of screening programs [6-8]. In addition to the difficulty
of treating children with advanced-stage neuroblastoma, the other feature
rendering a screening program feasible is the presence in the urine of two of
the catecholamine metabolites in 85% to 90% of children at the time of
diagnosis. These two commonly sought metabolites are homovanillic acid
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(HVA), a product of dopamine metabolism, and vanillylmandelic acid
(VMA), a product of norepinephrine and epinephrine metabolism. Since
dopamine beta hydroxylase is required to convert dopamine to norepineph-
rine, the presence of VMA is consequently a marker of a more mature tumor.
Both HVA and VMA are relatively stable, and can be eluted from a urine-
soaked air-dried filter paper. Moreover, when normalized to creatinine, there
is little diurnal variation in their excretion, so that a random urine sample is
sufficient for analysis [9-12].

3. The early Japanese experience

In 1973, Sawada et al. instituted a pilot screening program in Kyoto, analyzing
air-dried urine-soaked filter papers by elution and qualitative spot analysis
using the LaBrosse test [13]. Children whose urine was positive or intermedi-
ate were asked to submit two additional samples, and, if those were still
abnormal, to undergo physical examination, quantitative analysis of HVA and
VMA, and radiographic examination of the chest and abdomen. Over a six-
year period, 78,831 children were screened (an estimated 62.5% of eligible
infants in the region). Fifty-two had a positive screen (1 in 1515). Four of these
children were found to have neuroblastomas, all of which were successfully
treated. Only one child who had a negative screen subsequently developed a
neuroblastoma, and was still VM A-spot negative at the time of presentation
with cerebellar ataxia.

Subsequent extension of this series to other communities in Japan showed
similar results [14]. Using the same qualitative LaBrosse spot test, 281,939
infants were screened from 1981-1983 (with the exception of Kyoto, as dis-
cussed above). Two hundred and sixty-four children were referred for exami-
nation (1 in 1068), of whom 16 (1 in 16) were found to have tumors. Fifteen
were alive at the time of the report. Six children who were screen-negative
were found to have neuroblastomas between the ages of 14 and 29 months.
Their catecholamine status at the time of diagnosis, as well as their outcome,
was not stated in the report.

A technical improvement in the screening technique was introduced in
Sapporo City, where quantitative analysis of both HVA and VMA by high-
performance liquid chromatography (HPLC) was substituted for qualitative
spot analysis [15]. An approximate 75% of the population of 97,862 infants
was screened. Fifteen infants with neuroblastoma were detected (false-
positive rate not given). Fourteen of the 15 were in remission at the time of the
report, with only one death. Four additional cases, all of whom were catechola-
mine-positive at the time of diagnosis, were negative at the time of screening.
Overall, the effect appeared dramatic, with an increase in the survival rate in
Sapporo City from 21% to 87%, while the survival rate in the surrounding
Hokkaido Prefecture, the remainder of the island, remained unchanged over
the same time period: 21% in the years 1969-1980, 28 % from 1981-1984.
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4. Questions concerning the early Japanese experience

A reanalysis of the early Japanese data [16] suggested that significantly more
children under one year of age had been diagnosed as having neuroblastoma
in Sapporo City following the institution of screening, while there was a
nonsignificant change in the number of diagnoses in older children. Subse-
quent data provided by one of the investigators confirmed this impression of
increased incidence [17]. The surrounding Prefecture of Hokkaido showed no
change over the same time interval. Moreover, most of the early infantile cases
diagnosed in Sapporo City were of favorable biology and small size at the time
of diagnosis (for further detail, see below), further supporting the possibility of
overdiagnosis. Overall mortality statistics were not reliably available, although
the numbers supplied suggested an overall decrease in mortality from neuro-
blastoma in Japan even before the institution of nationwide mandatory
screening at six months of age.

5. The Quebec study
5.1. Feasibility

The intriguing preliminary results from Japan, and the existence in the prov-
ince of Quebec of an early metabolic screen with a high participation rate and
an attendant infrastructure [18], made the idea of a controlled trial of screen-
ing in the province of Quebec, using other North American populations as
control groups for population-based incidence and mortality, an attractive
one. We first determined that the population would be receptive to the idea of
a “tumor screen” in early childhood, and that, with an annual birth rate of
80,000 to 100,000 in the province and an incidence of at least 1:10,000, suffi-
cient cases could be detected so as to make such a trial feasible [19]. We then
retrospectively analyzed the population-based incidence and mortality of neu-
roblastoma in Quebec and in one of the proposed control groups, the
Greater Delaware Valley, a 31-county region including Philadelphia with a
long-established population and pathology-based tumor registry [1]. The inci-
dence and mortality were not, in fact, statistically different in the two regions.
In Quebec, the annual incidence rates for neuroblastoma were 11.32 per
million children under 15 years of age and 27.47 per million children under five
years of age (cumulative incidence approximately 1:7300 for children under
five years of age), whereas in the Greater Delaware Valley the corresponding
numbers were 10.58 per million for ages 0-14 and 28.03 per million for children
aged 04 years (cumulative incidence was approximately 1:7150 for the
younger children). The annual mortality rates in the two regions were 9.04 per
million children in Quebec aged 0-4 years, 4.82 per million for children 0-14
years (40 total deaths in the time period from 1981-1986, with 25 in the
younger group) as compared with 9.15 per million younger children in the
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Greater Delaware Valley and 4.96 per million for the entire group (52 deaths
overall, 32 in the children aged 0—4 years). Interestingly, the overall survival
for all children with neuroblastoma in both regions was approximately 55%,
substantially better than the 28% that had been reported from Hokkaido
Prefecture for roughly the same time period. This led to our calculation of the
need for a five-year study, accruing approximately 450,000 births with a mini-
mum participation rate in the screening program of 75%, to afford us an 80%
probability of detecting an improvement in the survival rate of 20% (from
55% to 75%) as a surrogate endpoint, while at the same time we monitored
overall population-based incidence and mortality. Four control groups were
chosen to provide comparison data for population-based incidence and mor-
tality: the Greater Delaware Valley, the Province of Ontario, Minnesota, and
Florida. Similar calculations, performed independently, came to a similar con-
clusion concerning the size of a study required to demonstrate a health benefit
of screening [17].

6. Implementation of the Quebec study
6.1. Design

Air-dried urine-soaked filter papers were mailed to the urine screening labo-
ratory in Sherbrooke at the parents’ expense at two time points — three weeks
and six months of age. Three weeks was chosen since it is the time at which the
already established urine metabolic screen is performed [18], six months be-
cause of the extensive preliminary Japanese experience at that age, as well as
the tie-in to routine immunization, facilitating a reminder to the family. The
Quebec Government initially agreed to provide a reminder mailed along with
the six-month family allowance check. As electronic deposit became increas-
ingly common, this strategy was no longer possible. Instead, publicity posters
in physicians offices and other health care facilities, reminders in the media,
and, finally, a mailing to families who had not submitted a six-month sample
were employed.

Screening was performed in two stages. First, a semiquantitative screen was
performed in Sherbrooke using thin-layer chromatography, a technique with
which the Sherbrooke group has extensive experience [20]. Borderline or
abnormal samples were then sent to Minneapolis for quantitation using capil-
lary gas chromatography and mass spectroscopy [21]. Children whose urinary
excretion of HVA or VMA was abnormally elevated were asked to submit a
second air-dried urine-soaked filter paper. Those with two abnormally el-
evated results were then asked to be brought to one of the four academic
health science centers in the Province of Quebec — Hopital Ste.-Justine
(Université de Montréal), the Montreal Children’s Hospital (McGill Univer-
sity), le Centre Hospitalier de I'Université Laval (Quebec City), or le Centre
Hospitalier de I'Université Sherbrooke. There, the children underwent a
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physical examination, a repeat quantitative test for urinary HVA and VMA,
and a radiologic examination consisting of a chest radiograph and an abdomi-
nal ultrasound. A computed tomogram of the abdomen was also performed on
children with two positive six-month screens. Children found to have a mass
were then staged and treated according to contemporary Pediatric Oncology
Group protocols. Biologic studies of tumor and normal tissue were also under-
taken. Data from each of the four population-based tumor registries were
reviewed as they became available.

6.2. Results

The eligible population cohort consisted of all children born in the Province of
Quebec from May 1, 1989, through April 30, 1994. This population numbered
470,236. Ninety-one percent participated in the screen at three weeks of age,
for a total of 430,000 samples. As of August, 1994 (63 months of observation,
and four months before the end of screening for neuroblastoma in the prov-
ince), approximately 75% of the eligible six-month-olds had submitted a urine
sample, representing 325,000 children. The combination of thin-layer chroma-
tography and gas chromatography/mass spectroscopy was remarkably specific.
Seventy-nine children were referred for evaluation, 38 after two positive
three-week screens and 41 after two positive six-month screening tests. Forty
were diagnosed as having neuroblastoma, 18 after the three-week screen and
22 after the six-month screen. Moreover, three were felt on imaging studies to
possibly have regressing neuroblastomas. Even disregarding these cases, this
gives the screen a positive predictive value of 51%, and a specificity of more
than 99.99% at both ages. Differently stated, approximately one child in
11,000 was referred for evaluation at three weeks of age, whereas one in 8000
was referred at six months of age. Half of those evaluated had neuroblastomas.
Of note, all of those with neuroblastomas had elevated urinary VMA:s,
whereas only approximately three quarters also had elevated HV As.

The most dramatic effect of the screening program was on the incidence of
neuroblastoma in young infants (table 2). Seventy-five cases of neuroblastoma
were observed in children less than 12 months of age, compared with the 29
expected on the basis of the historical experience in the Greater Delaware
Valley and data from the Surveillance, Epidemiology, and End Results Pro-
gram of the National Cancer Institute (U.S.A.) [22]. The standardized inci-
dence ratios for the two age groups, 0-6 months and 6-12 months, are
respectively 2.84 (95% confidence interval, 2.07-3.73) and 2.33 (95% CI, 1.53-
3.29). It is extremely unlikely, therefore, that the increased incidence was a
chance finding. Early detection of tumors might, in fact, be expected to raise
the incidence of disease in young infants, while correspondingly decreasing it
in children over 12 months of age, especially those in the one- to four-year-old
age group. Unfortunately, no such decrease was observed, with the number of
observed cases falling well within the 95% likelihood of those expected (25
observed, 18 expected). At the same time, the number of cases observed in the
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Table 2. Standardized incidence ratio (SIR) in Quebec (63 months observation)

Age at Annual

diagnosis Person-years incidence Observed/

(months) to date per million expected SIR 95% CI
0-5 227,905 72.6 47/16.6 2.84 2.07-3.73
6-11 206,829 58.1 28/12.0 233 1.53-3.29

12-17 183,662 30.8 8/5.7 1.41 0.59-2.59

18-23 161,027 29.1 9/4.7 1.92 0.85-3.41

24-29 136,889 13.8 4/1.9 2.12 0.53-4.76

30-35 113,234 242 2127 0.73 0.06-2.13

3641 88,685 175 1/1.6 0.64 0.00-2.58

42-47 65,053 14.0 1/0.9 1.10 0.00-4.39

48-53 43,240 229 1/1.0 1.01 0.00-4.04

54-59 21,636 10.6 1/0.2 4.36 0.00-17.44

Summary
0-59 1,248,160 102/47 216 1.75-2.61

ap < 0.05.

Table 3. International staging of patients detected in Quebec (63
months observation)

Preclinically detected Clinically detected
Stage tumors (N = 40) tumors (N = 62)
1 9 18
2A 1 3
2B 10 4
48 7 9
3 5 5
4 8 23

two control groups with the most rapid ascertainment, Minnesota and
Ontario, was exactly the number expected — 99 cases observed versus 100
cases expected, from a birth cohort of approximately 200,000 per year (65,000
in Minnesota, 135,000 in Ontario).

All stages of disease are included among the 40 children diagnosed as
having neuroblastoma through screening (table 3). Moreover, for the entire
group of 102 children, the more advanced stages of disease were fully repre-
sented — 40 observed cases in stages III and IV for the group aged 04 years
versus 27 expected, 18 of them between the ages of 1 and 4 years (14
expected).

Biologically, however, almost all the tumors with unfavorable ploidy, and
all those with an amplified N-myc oncogene, fell in the clinically detected
group (table 4). Similarly, almost all the tumors histologically classified as
“unfavorable” in the Shimada classification [6,7] were in the clinically diag-
nosed group. Only one tumor of unfavorable histology was found in the
preclinically detected group. It was a stage I lesion at the time of diagnosis
[23].

156



Table 4. Biologic results to date in Quebec (63 months observation)

Preclinical detection Clinical detection Total
1. Shimada Histologic Classification
Favorable 40 41 81
Unfavorable 1 14 15
2. DNA Ploidy
Diploid (1.00) 0 11 11
Hyperdiploid (1.09) 0 2 2
Triploid (1.24-1.72) 28 29 57
Tetraploid (1.98-2.16) 0 3 3
Pentaploid (2.29-2.53) 1 2 3
Mixed aneuploid 6 8 14
Mixed diploid/aneuploid 3 N 8
Hypodiploid 1 0 1
3. N-myc Gene Amplification
Single Copy 37 46 83
Amplified 0 9 9

Table 5. Neuroblastoma deaths in Quebec (59 months observation)

Age INSS Secretion Biology
ID# (mos) stage Screened status (N-myc; ploidy) Histology
L17 1 4S (Yes)® (+) Good Unfavorable
J35 2 4S (Yes)® (+) Good N.A.
M17 9 4 No (+) Poor N.A.
M19 12 4 Yes (-) Poor N.A.
M25 14 4 Yes -) Poor Unfavorable
M27 15 4 No (+) Poor Favorable
L21 22 4 Yes (+) Poor Unfavorable
139 24 4 Yes (+) Poor Unfavorable
S11 24 4 Yes (+) Unknown Unknown
L22 28 4 Yes -) Poor Unfavorable
J66 31 4 Yes (+) Good N.A.
184 42 4 Yes +) Good N.A.
Totals Median N=12 10112 9/12 711 5/6

18 Yes +) Poor Unfavorable

Filter paper sent, not yet analyzed.

All of the 12 deaths from neuroblastoma fell within the clinically detected
group (table 5). All but two of the deaths were in children with stage IV
disease. Of those with stage IV disease, only two had a favorable DNA index
and an unamplified N-myc oncogene. These two were the two oldest children,
31 and 42 months of age at diagnosis, in whom ploidy is of less prognostic
significance. The two young infants who died of stage IVS disease had very
rapidly growing abdominal masses that led to death despite intensive therapy.
In the same two control groups discussed above, Minnesota and Ontario, there
were 13 deaths over the same time period in a population slightly more than
twice as large, but with slightly slower mortality ascertainment. It is unlikely,
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however, that the number of deaths in Quebec will be less than that in the
control regions.

In the entire group of 102 children, 20 were diagnosed before the age of
three weeks, seven of whom had submitted filter papers that were not yet
analyzed. All had elevated urinary HVA or VMA. While this may represent a
“halo effect” from the publicity surrounding the urinary screening program, it
may also represent a general improvement in the standard of care, since an
increased number of very young infants were also diagnosed in Ontario over
the same time period, when compared with historical experience.

Twelve children were catecholamine nonsecretors at the time of diagnosis
(12% of the entire population; 19% of the clinically diagnosed patients). Seven
children had true false-negative screening tests. That is, at the time of diagno-
sis of neuroblastoma, archived filter papers obtained at the time of screening
were reanalyzed quantitatively by gas chromatography/mass spectroscopy and
found to contain elevated levels of VMA or HVA. When compared with the
upper limit of normal, these samples contained approximately 1.5 times as
much VMA. No sample contained more than twice the upper limit of normal
of VMA. Four children had been missed at three weeks of age. Three of those
were detected on the six-month screen, and one was diagnosed clinically at
four months of age. Of the three not detected on the six-month screen, the
clinical diagnoses were made at the ages of 7, 8, and 53 months. Only the child
diagnosed at 53 months failed to respond to initial therapy (cyclophosphamide
and adriamycin) and required more intensive treatment with multiple-agent
chemotherapy followed by autologous bone marrow transplantation. Despite
biologically favorable disease, with a DNA index of 1.64 (that is, near triploid)
and an unamplified N-myc oncogene, this child has developed progressive
disease and is receiving palliative radiotherapy. The other six children are
alive and well.

Other biologic parameters that will be investigated in the Quebec cohort
include loss of heterozygosity at chromosome 1p, an unfavorable feature
possibly associated with the loss or inactivation of a tumor suppressor gene
[6,7]; TRK proto-oncogene expression, a favorable feature associated with the
production of this component of the high-affinity nerve cell growth factor
receptor [24]; p5S3 mutations in the malignant cell (a preliminary study of 38
consecutive tumors of various stages showed no significant mutational events
in coding sequences, but 37 of the 38 tumors studied had no amplification of
the N-myc oncogene [25]); and the predictive values of serum ferritin and
neuron-specific enolase.

7. More recent Japanese experience

Bessho et al. [26] reviewed data provided to the Kanto-Ko-Shin-Etsu branch
of the Japan Children’s Cancer Registry. This registry is not population-based.
There is no systematic pathology review. Rather, responses provided on a

158



questionnaire are used. When several time periods before screening was insti-
tuted were compared to time periods afterwards, the investigators concluded
that the incidence of neuroblastoma seemingly increased, since prior to
screening, neuroblastoma represented approximately 10% of all malignant
disease reported, whereas afterwards it represented 19.3%. Moreover, elimi-
nating all the cases diagnosed by screening gave a relative occurrence of
13.8%, similar to the figure obtained prior to screening. In addition, eliminat-
ing cases diagnosed by screening increased the proportion of children diag-
nosed after the age of one year from 50% to 75%. The authors concluded that
the overall impact of a screening program for neuroblastoma on the success of
therapy for that disease was uncertain.

Several reviews of the biology of neuroblastomas detected through the
mass screening program have concluded that almost all the tumors had favor-
able features (unamplified N-myc oncogene, near triploidy, and favorable
histology) when compared with tumors found clinically, with all deaths
occuring in the clinically detected group [27-29].

The continuing occurrence of these biologically unfavorable advanced-
stage tumors in older infants, which eventuate in death, has led some authors
involved in the screening program to advocate screening at a later age [30],
although it is uncertain whether the outcome of such unfavorable lesions could
be influenced by earlier detection. The duration of the preclinical stage in such
lesions is also unknown. In other words, some neuroblastomas may grow with
such rapidity as to provide only a limited “window” for detection. On the other
hand, the favorable biology and excellent outcome of the cases detected by
screening have led to the concern that cases may be overtreated if they are
treated as fully malignant, aggressive neuroblastomas [26,31]. Consequently,
more limited intervention in such cases has been advocated [31]. An attempt
to discriminate those requiring intensive therapy from those likely to spon-
taneously regress, based on the HVA/VMA ratio and the site of origin (adre-
nal versus extra-adrenal), has also been made [32], with, as yet, no prospective
verification.

Finally, the overall mortality in Japan from neuroblastoma has been de-
creasing [33,34]. However, it has been decreasing in other industrialized coun-
tries as well [35-37]. In England and Finland, reported overall rates of
population-based survival and mortality were very similar to the 55% survival
with annual mortalities of nine per million for children aged four years or less,
and five per million for children 14 or less reported for Quebec before the
institution of a screening program [1]. The Japanese figure of approximately
six per million for children between the ages of 1 and 4 years falls within this
range [34]. Most authors feel that this improvement represents the result
of improved management of children with biologically favorable disease,
since, as discussed previously, children over 12 months of age at the time
of diagnosis of advanced-stage disease remain very difficult to cure. If only
10% of such children are cured, and if they represent approximately one third
of the population of unscreened children with neuroblastoma, then an overall

159



55% cure rate implies the necessity of curing 80% of all other children with
neuroblastoma. This is, in fact, an achievable goal with modern treatment
[6,7].

8. Other experience

Most other experience in screening for neuroblastoma has been of a pilot
nature. Studies in England [38] and France [39] have demonstrated feasibility
in those jurisdictions, with participation rates of 92% and, maximally, 82%
during the final screening year, respectively. Several biologically favorable
tumors were detected and successfully treated. In a pilot German experience
[40], unusually, three unfavorable lesions were found in a total of 10 children
detected from a population of 90,480 children over six months of age. One
child had a stage 3 lesion of intermediate prognosis, with an N-myc copy
number of 4. A second had a stage 1 tumor with a diploid karyotype and a
deletion at chromosome 1p36.3. A third had a stage 1 tumor that was not only
diploid with a deletion at chromosome 1p36.3, but also showed 100-fold ampli-
fication of the N-myc oncogene. This third child relapsed six months after
resection of the primary tumor. This discouraging result suggests the difficulty
of treating biologically unfavorable disease, even if it is discovered early.
Finally, a pilot study in the United States [41] showed the likely difficulty of
implementation in that country.

9. Conclusions

While the project has shown the feasibility of screening for neuroblastoma at
three weeks and six months of age, it appears likely that the final result will be
an increase in incidence of biologically favorable disease in young infants, with
no change in the occurrence of advanced-stage, unfavorable disease or mortal-
ity in older children. Further follow-up will be necessary to prove these results.
The dramatic difference in the two disease types, as determined by biologic
parameters, has, however, been reinforced by the study, strengthening the
conviction that less therapy is required for early-stage disease, particularly in
young infants [42]. Screening at an older age, such as 18 months, is likely to be
infeasible. A study demonstrating its benefit is estimated to require at least 2
million births [43]. Moreover, it is unclear, even if biologically unfavorable
disease can be found earlier, whether it will be more successfully treatable.
Finally, in order to be certain that the incidence of neuroblastoma has not
changed over the five-year period of screening in Quebec, we hope to study
the postscreening cohort of children now being born. We also hope to show
the economic benefit to society of having undertaken such a project as a
carefully controlled trial, rather than having instituted screening without suf-
ficient study [44].
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12. Screening for cancer in high-risk families

William D. Foulkes and Steven A. Narod

1. Introduction

There has been much recent progress in our understanding of the genetic basis
of cancer. Although the majority of cases of cancer do not appear to be
hereditary, several genetic syndromes have been identified that are character-
ized by an increased familial risk of cancer. The predisposing genes for many
of these syndromes have now been identified as well.

There are two fundamental steps in the screening of families at high risk of
cancer. In the first step, families and individuals at increased risk of cancer are
identified by their clinical features and by molecular testing. A basic family
history should be taken from all individuals with cancer, because almost all
types of cancer may be featured in one or more of the hereditary cancer
syndromes. The second step involves screening for cancer in individuals found
to be at increased genetic risk. Some of the recommended screening tests (e.g.,
mammography) are conventional; others (e.g., pentagastrin-stimulated calci-
tonin levels in multiple endocrine neoplasia type 2A (MEN2A)) are specific
for persons with genetic conditions. It is important that both steps in this
process are critically evaluated before genetic testing is introduced.

2. General aspects of identifying susceptible individuals

Those who are predisposed to develop cancer can be identified by studying the
pattern of cancers and their inheritance in a family and then specifically
looking for genetic evidence that the potentially at-risk person is, or is not, at
increased risk of a particular cancer. Thus the approach is both clinical and
molecular.

2.1. Approaches to clinical diagnosis
Members of a cancer family may be affected with a single type of cancer, but

more commonly a patient will report cancers in relatives at several sites. For
example, the hereditary nonpolyposis colorectal cancer (HNPCC) syndrome
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includes both colon and endometrial cancer, and relatives of women with
familial breast or ovarian cancer are at risk for tumors at either site. For most
cancer syndromes (e.g., the Li-Fraumeni syndrome (childhood sarcomas and
adrenocortical cancers, early-onset breast cancers, brain tumors, and leuke-
mias) and the hereditary breast-ovarian cancer syndrome (ovarian cancer and
early-onset breast cancer) ), there are no specific features of the patient or of
the tumor that allow carriers of the susceptibility gene to be identified. These
diagnoses are typically made when the patient, or an astute physician, is struck
by an unusual excess of cancer in the family.

In some cases, all first-degree relatives of an affected individual may be
considered to be at high risk for screening purposes; for example, in some
centers, ultrasound screening is offered to all female first-degree relatives of
patients with ovarian cancer. More commonly (e.g., for colon and breast
cancer), the diagnosis of multiple affected family members, or of relatives
affected at an unusually early age, is required before a patient is considered to
be a candidate for intensified screening.

For cancers of several rare sites, the likelihood of an underlying genetic
predisposition is particularly high. About 5% of childhood cancers appear to
be hereditary [1]; retinoblastoma and adrenocortical cancer are the subtypes
most frequently hereditary. Roughly 50% of children with retinoblastoma,
including all those with bilateral disease, carry mutations in the Rb gene on
chromosome 13q14. It is important that the family members of these cases be
screened by ophthalmoscopy and by DNA analysis, because vision can often
be preserved when tumors are diagnosed early [2].

A large proportion of childhood adrenocortical cancers are associated with
germ-line mutations in the p53 gene [3]. There are currently no established
guidelines for screening children with p53 mutations.

Hereditary factors are equally if not more important in common adult
cancers. For certain sites of cancer, the possibility of a familial syndrome is
sufficiently high that a detailed genetic inquiry is always warranted. Medullary
thyroid carcinoma is hereditary, either as site-specific thyroid cancer or as a
part of MEN2A, in 25% of patients with the disease [4]. Similarily, 23% (19 of
82) of unselected patients with pheochromocytomas in a recent study were
found to be carriers of familial disorders, including 16 cases of von Hippel
Lindau disease and three cases of MEN2A [5]. Cancers of the small intestine
and fallopian tube are both rare, but are features of HNPCC and the breast-
ovarian cancer syndromes, respectively, and their presence should signal to
the physician the possibility of a genetic diagnosis.

These cancers are exceptional; for the more common cancers of adulthood,
the hereditary fraction is below 10%. Among the common cancers, ovarian
cancer is probably associated with the highest hereditary component. Between
3% and 7% of unselected women with ovarian cancer appear to be from
families with hereditary predisposition [6,7]. The hereditary fraction of breast
cancer is probably between 2% and 5% [8]. This proportion is higher for
women with breast cancer diagnosed at an early age or for women with
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bilateral disease. The excess familial risk for colon cancer appears to be limited
to relatives of patients diagnosed before the age of 70 [9].

Multiple primary cancer diagnosed in the same individual may be due to
chance, due to a common environmental exposure, the late effect of treatment
of the first malignancy, or due to genetic predisposition. A high proportion of
children with both retinoblastoma and osteosarcoma carry mutations of RB-1.
Similarly, survivors of childhood adrenocortical cancer are at a high risk of
developing a second childhood cancer [10]. It will be of interest to determine
what proportion of women with multiple primary cancer of the colon and
endometrium are carriers of mutations in AIMSH2 or hMLH1, the two known
genes that predispose to HNPCC. Similarly, a large proportion of women with
both breast and ovarian cancer may carry BRCAI mutations.

In general, hereditary tumors cannot be distinguished from nonhereditary
ones, and the diagnosis of familial cancer is made on historical grounds.
However, one or more clues may alert the physician to the possibility that a
cancer syndrome is present. Breast cancer appears at an much earlier age than
expected in both the hereditary breast—ovarian cancer [11] and Li-Fraumeni
syndromes [12]. Hereditary colon and endometrial cancers are also of earlier
onset than nonfamilial cases [13], but the ages of onset of hereditary ovarian
cancers are not remarkable [14]. The pathology of hereditary cancers may be
different from their sporadic counterparts. Breast cancers associated with
BRCAI are characterized by an increased frequency of medullary histology,
and greater tumor cell proliferation rates than nonhereditary cancers [15].
BRCA2 is associated with an excess of tubulolobular cancers [15]. Mucinous
ovarian cancers are underrepresented in BRCAI carriers [16].

Some tumor types may be associated with preneoplastic lesions in adjacent
tissues or with other characteristic benign features. Multiple polyposis associ-
ated with colon cancer is typical of FAP. The presence of generalized C-cell
hyperplasia in a patient with a medullary thyroid carcinoma is a signal that the
patient is from a family with MEN2A. There is no convincing evidence yet that
a preneoplastic lesion is associated with hereditary breast cancer due to
BRCAI and BRCA2, although atypical hyperplasia appears to be more fre-
quent in families at increased risk [17]. In Cowden disease, hyperproliferation
of breast tissue is a feature, although it is not certain whether this is a marker
or a precursor of cancer (M. Peacocke, personal communication). For a few
well-defined genetic syndromes, the physical appearance of the patient may be
used presumptively to identify carriers of mutant alleles before cancer devel-
ops. Included in this category are neurofibromas and cafe-au-lait spots in
neurofibromatosis type 1 (NF1), posterior cataracts in neurofibromatosis type
2 (NF2), and congenital hyperpigmentation of the retina in FAP. Retinal
angiomas are suggestive but not diagnostic of von Hippel-Lindau syndrome.
Similarly, the presence of multiple dysplastic nevi may point towards the
dysplastic nevus/atypical mole syndrome. The presence of more than two
trichilemmomas (benign tumors of the outer hair root sheath) is regarded as
diagnostic of Cowden disease [18]. These may be difficult to diagnose without
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an excision biopsy. Other skin manifestations of Cowden disease may be
subtle and difficult to distinguish from lesions seen in the general population
[18].

2.2. Approaches to molecular diagnosis

For most genetic cancer syndromes, it is now possible to employ specific DNA
tests to identify family members who carry predisposing mutations. One of the
goals of genetic counseling in oncology is to identify carriers of predisposing
genetic mutations prior to the development of clinical symptoms of cancer. It
is hoped that presymptomatic detection of carriers using DNA testing will
permit screening efforts to concentrate on those individuals at highest risk.

There are currently two approaches to molecular diagnosis. If the sequence
of a susceptibility gene is known in its normal and mutant forms, then a
mutation can be sought directly in the DNA taken from lymphocytes in the
blood. For many cancer syndromes, a predisposing gene has been identified
and mutations have been characterized, including hereditary retinoblastoma,
familial adenomatous polyposis (FAP), the Li-Fraumeni syndrome, NF1,
NF2, von Hippel-Lindau disease, HNPCC, and the breast-ovarian cancer
syndrome. The majority of the cancer syndromes appear to be due to muta-
tions of tumor suppressor genes. This designation implies that both copies
of the gene are rendered inactive in the tumor cells, the first by inheritance,
the second by somatic mutation. Under this model, mutations that lead to
premature stop codons, and thereby prevent the synthesis of a functional
protein, should have a similar effect at the cellular level. It is not surprising,
therefore, that mutations in genes responsible for retinoblastoma, for FAP, for
NF2, and for the breast-ovarian cancer syndrome have been found dispersed
over many exons. Sequencing these large genes is a formidable task, even if
intermediate steps of mutation screening such as SSC (single-strand conforma-
tion) analysis are taken, and diagnostic screening tests for these diseases are
not yet routine.

The introduction of various types of protein truncation test (PTT) may
permit a more efficient sequential mutation analysis of genes implicated in
inherited cancer syndromes where chain-terminating mutations are common,
such as APC, BRCAI, and NF2 [19]. The problem in genetically heterogenous
diseases is that other genes may be responsible, and therefore even a negative
result is not sufficient evidence to rule out the possibility of inheritance of a
mutation in a disease-associated gene. This is where linkage analysis can be
extremely valuable. Using linkage analysis, it may be possible to infer the
presence of a predisposing mutation by looking for cosegregation of cancer
with a particular chromosome marker. This approach requires that multiple
affected family members be available for sampling. The technique also re-
quires that the chromosomal position of a cancer susceptibility gene is known.
Even if several mutations of a gene predispose to disease, a single set of DNA
markers may be used. If a genetic marker exists in the population in two or
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more distinguishable forms (alleles), it is said to be polymorphic and is poten-
tially useful for linkage. The variation in DNA in human populations may be
due to single base substitutions or to differences in the number of copies of a
short, repeated sequence. If an affected parent carries distinguishable marker
alleles on his or her two homologous chromosomes, then his or her children
will be candidates for screening by linkage. If a child inherits the marker allele
on the chromosome carrying the mutation, the child will likely have inherited
the marker as well. However, the marker and the mutation may be separated
by a meiotic crossover in the germ cell of the affected parent. When this
occurs, a child with the allele of risk may be falsely predicted to be a carrier.
In practice, many ordered markers on both sides of the susceptibility gene are
used to construct a haplotype for each individual in a family, and the haplotype
associated with the cancer mutation is identified by inspection.

Linkage analyses are technically simple, but the data may be very difficult
to interpret, especially for complex diseases. In linkage analysis, the presence
of a mutation is not observed but is inferred from the patterns of chromosomal
segregation. Erroneous inferences will have serious consequences to the indi-
viduals receiving counseling, and linkage data must be interpreted with cau-
tion, especially for genetically heterogeneous diseases. The diagnoses of
cancer must be confirmed because misclassification of one individual may lead
to erroneous predictions for many. The false-positive rates in the offspring are
directly related to the recombination fractions and the disease gene.

Predictive testing by linkage or by direct sequencing is greatly simplified if
the disease is genetically homogenous (i.e., if all affected families are due
to mutations of a single gene). Currently, this appears to be true for
retinoblastoma, for FAP, and for the neurofibromatoses, but the possibility
that an unlinked family may be identified in the future still remains. For other
diseases, e.g., hereditary breast-ovarian cancer and HNPCC, more than one
susceptibility gene appears to be involved. Failure to identify a predisposing
mutation may be due to incomplete test sensitivity or to genetic heterogeneity
— but it may also be that the observed “cancer family” is due to chance.

In summary, it is now possible to perform predictive testing for several
hereditary cancer syndromes. Direct DNA testing is preferable, but may be
limited by the size of the gene to be screened and the sensitivity of the
screening method. The techniques of linkage analysis are straightforward in
comparison, but the interpretation of linkage data is difficult, and should be
attempted only with due attention to all possible sources of uncertainty.

3. Clinical and molecular features of selected hereditary cancer syndromes

3.1. The breast-ovarian cancer syndrome

About 4% of breast cancer cases and about 6% of ovarian cancers are be-
lieved to be hereditary [6,7]. Detecting those at risk depends upon inspection
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of the family history and subsequent molecular investigation (linkage, muta-
tion analysis). There are known to be at least two genes responsible for the
breast-ovarian cancer syndrome, namely, BRCAI and BRCA?2. By evaluating
linkage and pedigree data, it was found that about 75% families with three or
more cases of breast cancer diagnosed before age 60 and at least one case of
ovarian cancer are linked to BRCAI. If two ovarian cancers but no male breast
cancer cases are present in the pedigree, then the prior probability of linkage
rises to 92% [20]. Those with mutations may also be at increased risk of
prostate and colon cancer. On average, 85% of women with a BRCAI muta-
tion will develop breast cancer, and 45% will develop ovarian cancer by age 70
[21]. About one third of site-specific hereditary breast cancer is due to
BRCAI1, and two thirds is due to BRCA2.

BRCA2 has now been cloned [21a]. From examination of pedigrees and
preliminary linkage data, it appears that BRCA2 is responsible for most of the
breast-cancer-only families, particularly when male breast cancer is present.
Ovarian cancer has been reported in some BRCA?2 pedigrees. Other cancers,
such as prostate, colon, and laryngeal cancer, are also probably in excess [22].

BRCAI mutations are divided into three main types: (1) frameshift, non-
sense, and microdeletions resulting in a truncated protein product; (2) mis-
sense mutations, and (3) mutations that alter the stability of the messenger
RNA such that only the wild-type allele is detectable in cDNA isolated from
affected individuals. Because of these three main types, only a stepwise com-
prehensive mutation analysis approach is likely to detect most of the muta-
tions. Using the approach of direct sequencing, conformation analysis, and
cDNA allele exclusion analysis, it has been possible to detect 16 out of 20
mutations in one series of BRCAI-linked pedigrees [23].

Some BRCAI mutations are recurrent. A mutation 185delAG (a deletion
of two base pairs (A and G) at codon 185) is common and appears to be mainly
limited to Ashkenazi Jews [24]. This mutation may be present in 1% of
unselected Ashkenazi Jews [25]. Another common mutation is 5382insC,
which has been seen in Jews, Italians, and Russians and is probably an ancient
mutation (unpublished observations).

3.2. Familial adenomatous polyposis and other intestinal
polyposis syndromes

Familial adenomatous polyposis (FAP) is the underlying cause of about 1% of
all colorectal cancer. The trait is autosomal dominant. The incidence of
colorectal cancer approaches 100% in affected persons who are not treated by
preventive colectomy [26].

The severity of the syndrome varies both within and between families and
cannot be entirely explained by the position of the mutation in the causative
gene, APC. Detection of mutaions in APC is difficult because of the large size
of the gene. However, over 90% of all mutations result in a truncated protein
product, so protein truncation assays have been employed and can, at best,
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detect over 80% of mutation in affected individuals. This is a considerable
improvement on conformation-based assays [19].

Other rare forms of hereditary polyposis include Peutz-Jeghers and juve-
nile polyposis. In juvenile polyposis, the cumulative incidence of intestinal
cancer is less than in FAP and may not justify a similar preventive surgical
approach [27]. In Peutz—Jeghers syndrome, there is an excess of death from
both intestinal and extraintestinal cancers. The relative risk of cancer in those
affected is approximately 20-fold, and this may justify special surveillance in
these families [28]. The genes that cause these inherited syndromes have not
yet been localized.

3.3. Hereditary nonpolyposis colorectal cancer

HNPCC families show an excess of early-onset colorectal cancer. This occurs
in association with other cancers, either in the individual (multiple primary
tumors) or in other members of the family [29]. The large intestine of those
affected by colorectal cancer does not appear to have an excessive number
of polyps [30]. Although right-sided colon cancers in the presence of a
few scattered polyps is the classical picture [29], rectal cancer is also seen in
the disease, and pedigrees may contain affected persons with either no polyps
or many polyps. The polyps tend to be tubulovillous or villous rather than
tubular [30]. The mean age of diagnosis of colorectal cancer in HNPCC
is in the range 40-45 years [31], compared with 40 years in familial
adenomatous polyposis [32] and approximately 68 years in the general North
American population [33]. Other cancers that are associated with the syn-
drome include adenocarcinomas of the endometrium, stomach, small intes-
tine, and ovary. Transitional cell carcinomas of the upper urothelium are also
seen [29].

DNA from several forms of hereditary cancer associated with HNPCC is
prone to erroneous replication during mitosis. This leads to the generation of
new fragment sizes in repeat sequences. If these altered sequences occur near
or within genes, this could disrupt their function. This phenomenon of
microsatellite instability (the RER+ phenotype) is present in approximately
15% of unselected sporadic colon cancers [34], 58% of colon cancers occuring
in those less than 35 years of age [35], and 0 up to 3% of sporadic adenomas
[36]. In patients from families with HNPCC, 86% of colon cancers and 57% of
adenomas showed instability [36]. Microsatellite instability is particularly com-
mon in right-sided colon cancers, irrespective of family history, and is also seen
in apparently sporadic bladder, lung, head and neck, germ cell, and other
cancers [37]. It remains to be seen if this assay will be useful in identifying
family members at significantly increased risk.

Finding mutations in the HNPCC genes has so far been most successfully
achieved by using an in vitro translation technique first used for detecting
abnormal APC transcripts [35]. Others using SSCA have not found deletions
or nonsense mutations to be as frequent as missense mutations [38]. However,
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relatively few mutations have been reported, and routine genetic testing is not
widely available.

3.4. Neurofibromatosis type 1

Von Recklinghausen’s neurofibromatosis (NF1) is one of the most common
human genetic disorders, affecting 1 in 3000 people. There is a very high
proportion of new mutations — around 50%. This means it is common for an
affected person to have no relatives with NF1, but nevertheless their offspring
have a 50% risk of being affected. The main clinical features are cafe-au-lait
spots and subcutaneous and cutaneous neurofibromas (seen in more than 90%
of gene carriers). Death can result from neurofibrosarcomas, optic nerve
gliomas, and pheochromocytomas. These tumors collectively affect about 5%
of gene carriers. Variable expressivity is the rule and very mildly affected
individuals may have severely affected offspring.

Finding mutations in the huge NF1 gene (mRNA 13kb) is difficult. As of
January 1994, only 45 mutations had been found in 500 affected individuals.
Because of the relatively benign course of neurofibromatosis type 1 in many
affected individuals, and the unpredictability of expression, there has not been
the same urgency for mutation detection as has been seen for other cancer-
susceptibility syndromes [39].

3.5. Neurofibromatosis type 2

Unlike NF1, neurofibromatosis type 2 (NF2) is often a progressive disorder
leading to early death. The principal features are acoustic schwannomas
(which may be bilateral), meningiomas and astrocytomas, and other tumors
arising from the central or peripheral nervous system. The onset of sym-
ptoms varies widely, but potentially fatal tumors can develop in children and
adolescents.

In many situations, DNA analysis will permit the majority of the individuals
in the family who are believed to be at risk to be excluded from further
investigation. For example, 82 individuals in 13 families with
neurofibromatosis type 2 (NF2) were considered to be at risk for developing
acoustic neuromas and meningiomas prior to genetic testing [40]. By using
chromosome-22 linked markers, it was possible to effectively rule out the NF2
carrier state for 65% of these. The 13 individuals (16%) who were found to be
at high risk for the disease could be offered more intensive screening. When
the NF2 gene was cloned, it became possible to do direct screening of DNA for
mutations. Because of the relatively large size of the NF2 gene, DNA is often
screened for abnormal banding patterns with single-strand conformation
analysis (SSC) before sequencing is done. Using this two-step process, it was
possible to identify mutations in 60% of 58 unrelated individuals with NF2 (M
Ruttledge, personal communication).
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3.6. Type 2 multiple endocrine neoplasia

The multiple endocrine neoplasias type 2 (MEN2) consists of three overlap-
ping syndromes: MEN2A, MEN2B, and familial medullary carcinoma of
the thyroid (FMTC). MEN2A features medullary C-cell hyperplasia leading
to medullary thyroid cancer (MTC) seen in association with hyperpara-
thyroidism and pheochromocytoma. MEN2B is similar, with the addition of
mucosal neuromas and other physical signs. In FMTC, only the thyroid is
affected. One gene, RET, is responsible for all three syndromes [41].

Direct sequencing is particularly useful because mutations in a small num-
ber of codons are responsible for the majority of MEN2A families. Over 95%
of the mutations in 118 families with this syndrome were found at only five
cysteine residues in the extracellular domain of the RET oncogene, and direct
testing for this syndrome has become straightforward within one year of the
identification of the underlying gene defect [42].

Up to 10% of cases of FMTC without a family history may have germ line
mutations in RET [43] (G. Lenoir, personal communication); because of the
potential for cure with early surgery and the lack of early symptoms (see
section 4.5), it is prudent to offer genetic testing to all relatives of a sporadic
case of FMTC.

3.7. Von Hippel-Lindau syndrome

The von Hippel-Lindau (VHL) syndrome is quite rare, affecting about 1 in
35,000 births. It is characterized by the occurrence of tumors at multiple sites,
including kidney, cerebellum, eye, pancreas, adrenal gland, and epididymis.
Early-onset clear cell carcinoma of the kidney occurs in about 40% of gene
carriers, and pheochromocytoma in 18% [44] (19% of those with sporadic
pheochromocytoma have mutations in the VHL gene [5]).

The causative gene contains only three exons and encodes a mRNA of
0.8kb, with a predicted protein of 284 amino acids. Mutations have been
detected in 75% of 114 VHL families. Unlike the other cancer syndromes
described above, most of the mutations are nucleotide substitutions. There is
a suggestion from genotype-phenotype correlations that pheochromocytomas
are uncommon, if not entirely absent, in those with inactivating mutations of
VHL [45].

4. Prevention of and screening for cancer in predisposed individuals

Individuals at high risk of cancer as a result of hereditary mutations in cancer
susceptibility genes require careful management. It is in these high-risk groups
that prevention and early detection programs may be shown to be most
effective. For several cancer syndromes, the relative merits of prophylactic
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surgery and intensified screening must be considered. For example, young
adults found to carry a gene mutation in the RET oncogene, which predisposes
to medullary cancer of the thyroid in the context of MEN2A, may be followed
by annual screening using the pentagastrin stimulation test [46] or may opt for
prophylactic thyroidectomy. Since the risks and benefits differ for different
cancer syndromes, we discuss each clinical problem in turn. In all cases, it is
important to evaluate the risk of death from cancer in the absence of interven-
tion, with screening, with preventive medical intervention, with surgery or
with a combination of these options. The risk of death or disability from the
procedures must also be considered. Cancer may still occur after preventive
surgery because of pre-existing microscopic foci of tumor that have metasta-
sized at time of surgery or because of residual tissue remaining at risk.

4.1. Breast-ovarian cancer syndromes

A person who carries a mutation in BRCAI has an 85% risk of breast cancer
by age 70 [21]. Therefore, prevention and early detection of familial breast
cancer is of immediate concern. There is little evidence that screening of young
women by mammography will reduce the mortality from breast cancer (see
chapter 6, this volume). It has not yet been possible to address this question
specifically in women at high familial risk, but there is no reason to believe that
sensitivity of the mammography is better or that the natural history of breast
cancer is different for women at increased risk because of family history.

Chemoprophylaxis and preventive surgery are potential alternatives to
screening. The most obvious candidate for chemoprevention is tamoxifen,
which is now under evaluation in above-average-risk women in an NSABP
trial. Its use to treat breast cancer resulted in a 39% reduction in the occur-
rence of contralateral breast cancer [47]. Tamoxifen has a number of side
effects, some of which are serious. There is an increase in the lifetime risk of
endometrial cancer and a possible increased risk of colorectal cancer [48].

An alternative to chemoprevention is surgery. Prophylactic total
mastectomy and prophylactic subcutaneous mastectomy have been carried out
for many years [49-51]. Despite the extensive literature pertaining to these
operations, very little is known about the effectiveness of these procedures.
However, even a lifetime risk of breast cancer of 5% following surgery might
be acceptable to a BRCAI mutation-carrying woman in her late 30s, ap-
proaching the peak incidence of breast cancer. This would represent a reduc-
tion in risk of at least 10-fold compared with no intervention [21].

Carrriers of BRCAI mutations also have approximately a 50% risk of
ovarian cancer to age 70 [21]. There is currently much interest in evaluating
ovarian ultrasound in screening for ovarian cancer. Transabdominal [52] and
transvaginal [53] ultrasound (with or without color-flow Doppler) and serum
CA125 screening tests [54], either alone or in combination [55], have all been
assessed as potential screening tests in various settings. However, no single test
has yet proved to be practical for population screening, for several reasons: (1)
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ovarian cancer is relatively uncommon (less than 2000 cases per year in
Canada); (2) there are no easily identifiable premalignant stages; and (3) there
is no single screening procedure that has a sufficiently large positive predictive
value. This implies that a large number of women have to undergo further
investigation in order to detect one cancer.

Women at increased risk of ovarian cancer as a result of their family history
and/or BRCAI test are a subgroup likely to be suitable for screening. Using
transvaginal ultrasound and color-flow Doppler monitoring, 61 abnormal le-
sions were detected in 1601 self-referred women with family history of ova-
rian, breast, and other cancers. These 61 women were referred for surgical
investigation, and six were found to have cancers, five of which were early
stage. It should be noted, however, that only one of the six women had a family
history that was strongly suggestive of hereditary breast and ovarian cancer
[56]. Using transvaginal ultrasound with color flow imaging, Weiner et al. [57]
found ovarian cancer in 4 of 600 women with a past history of breast cancer
(this group is at roughly double the general public’s risk of ovarian cancer).
Muto et al. [58] screened 386 women with a family history of ovarian cancer
using transvaginal sonography, color-flow Doppler, and CA-125. The ultra-
sound examination was abnormal in 23% of the women, but no malignant
ovarian lesion was detected.

Screening with multiple serum markers has been proposed in an attempt to
improve detection of early ovarian cancers. At least one of three markers (M-
CSF, OVXI1, and CAI25) were elevated in the serum of 45 out of 46 women
with stage I ovarian carcinomas. Unfortunately 51% of women with benign
pelvic masses also had elevations of one or more markers [59].

The benefits and limitations of ovarian cancer screening should be dis-
cussed with the woman and compared with prophylactic oophorectomy. Be-
cause of the high lifetime risk of ovarian cancer associated with BRCAI, and
because the sensitivity and effectiveness of the current methods of screening
are uncertain, several groups currently recommend prophylactic removal of
the ovaries of BRCAI mutation carriers around the time of menopause
[60,61]. Unfortunately, about 5% of these women will later develop peritoneal
cancer [62,63].

4.2. Familial adenomatous polyposis

Until the FAP gene, APC, was cloned, the diagnosis of FAP was based on
lower bowel surveillance, ophthalmic examination for congenital hypertrophy
of the retinal pigment epithelium, and skin examination for epithelioid cysts.
Linkage and direct mutation analysis are now possible. Because of the diffi-
culty in identifying mutations, all three approaches are in use [64].

The high mortality associated with FAP has been noted since the syndrome
was first recognized. Prophylactic surgery has been used for FAP since 1934.
Because the risk of colorectal cancer is almost 100% in FAP [32], surgery is
recommended to those who have inherited a disease-associated allele of FAP.
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The risk of dying from colorectal cancer is greatly reduced by appropriate
surgery, followed where necessary by lower bowel surveillance. After
colorectal cancer, the most common cause of death in pedigrees with FAP is
upper gastrointestinal cancer. Gastroduodenal polyposis is common in FAP,
affecting at least 45% of gene carriers [65]. Management is problematic.
Regular but infrequent video endoscopy has been assessed [66], and sulindac
chemoprophylaxis has been advocated. However, invasive cancer can be diffi-
cult to detect if the duodenum is carpeted with polyps.

Desmoid tumors are an important cause of morbidity and mortality in FAP.
A rare feature of FAP is brain tumors. The occurrence of polyposis and brain
tumor is referred to as Turcot syndrome. It now appears that most cases of
Turcot syndrome are due to mutations in APC. Some of the remaining cases
are caused by mutations in the HNPCC genes. Early detection by MRI has
been advocated, but its effectiveness in preventing death is completely
unknown [67].

4.3. Hereditary nonpolyposis colorectal cancer

While it is currently accepted that preventive colectomy reduces mortality for
adults with FAP, the relative value of screening, versus prophylactic surgery,
for carriers of genes for HNPCC has not yet been established. There is some
evidence that, in the general population, screening sigmoidoscopy may be
beneficial in reducing mortality from cancer of the rectum and the distal colon
(see chapter 5, this volume) and that colonoscopy, followed by polypectomy
when indicated, reduces the incidence of invasive colon cancer [68].
Colonoscopy is currently recommended from an early age in HNPCC families.
However, it should be noted that the natural history of hereditary colon cancer
may differ from sporadic cancer. Hereditary colon cancer is usually right-sided
and beyond the reach of the sigmoidoscope [29]. Furthermore, it has not been
established whether colon cancers in HNPCC families occur in pre-existing
polyps. Even if all HNPCC colorectal cancers do arise from polyps, the rate at
which the adenoma-carcinoma sequence progresses may be so fast as to limit
the effectiveness of yearly colonoscopy. Six individuals from the extensively
characterized Dutch pedigrees were each found to have an advanced right-
sided colon cancer between screening tests (colonoscopy in five and barium
enema in one). Three of the tumours were Dukes’ stage C, and they occurred
only 26-31 months after a previous screening [69]. Lynch reports that one
woman with endometrial cancer diagnosed at age 36 (as part of HNPCC) later
presented with a transverse colon carcinoma 18 months after one of her (two-
yearly) colonoscopies. Reducing the screening interval to six months did not
prevent cancer: five months after a negative colonoscopy, she was found to
have synchronous carcinomas of the caecum and rectum (Henry Lynch, per-
sonal communication). While these may be unusual examples, it will be of
primary importance to establish the relative benefits of screening versus pro-
phylactic surgery in individuals who carry HNPCC gene mutations.
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It is important to realize that many organs are at risk in HNPCC, and it will
be impossible to prevent or screen for all possible cancers. The cumulative
incidence of endometrial cancer in HNPCC in gene carriers to age 70 is 30%,
10 times the expected figure. The peak incidence of the disease occurs at least
15 years earlier in gene carriers than in the general population [70]. The risk of
ovarian cancer in HNPCC is mildly elevated. Breast cancer does not seem to
be a part of HNPCC [13,71].

4.4. Prostate cancer

The value of population screening for prostate cancer is still under debate (see
chapter 7, this volume). However, because of an increased likelihood of cancer
in high-risk individuals, screening is probably justified in some subgroups.
Recent studies have demonstrated that a family history of prostate cancer is a
risk factor for prostate cancer [72,73]. Segregation analysis suggests that about
10% to 12% of all prostate cancer is due to an inherited gene [72]. The nature
of inheritance is not certain. The risk is probably highest in brothers of cases
diagnosed at a young age [74], although this may be partly accounted for by
recall bias falsely reducing the risk attributable to fathers [73]. In one study,
10% of men who had brothers with prostate cancer had prostate cancer
identified when investigated [73]. Family history was only significantly predic-
tive of prostate cancer in those with a negative digital rectal examination. This
is probably because of a high false-positive rate in those with a family history,
possibly due to a higher incidence of benign prostatic hypertrophy in relatives
of prostate cancer cases.

Because the prevalence of cancer among genetically predisposed individu-
als is usually higher than among the general public, it is expected that the
positive predictive value of the screening test employed will be greater for
high-risk individuals than for unselected subjects. For example, a PSA level of
greater than 3.0ng/ml was associated with a positive predictive value for
prostate cancer of 18.9% overall, but was 28.6% among men with a positive
family history of prostate cancer [73]. The positive predictive value of a screen-
ing test is particularly important when the confirmatory testing carries the
potential for surgery-related morbidity.

4.5. Multiple endocrine neoplasia

It possible to manage those with known RET mutations by regular
pentagastrin challenge or by prophylactic thyroidectomy. The risks and ben-
efits of these approaches can now be assessed. Screening by pentagastrin
challenge was established years before the responsible gene was identified, but
now that direct mutation detection is a straightforward procedure, the value of
such screening should be questioned (especially since it is disliked by at-risk
individuals). This is clearly shown from a large series from the Mayo Clinic
[75]. Here 63 patients had total thyroidectomies for MEN disease. No patient
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died as a result of the procedure, but permanent hypoparathyroidism resulted
in 5%. In MEN2A and 2B, parathyroid surgery may also be necessary: the
incidence of permanent hypoparathyroidism was 7% [75]. Importantly, 82%
of screen-detected cases had invasive MTC and 10% had metastases. Of the
nine patients who died during follow-up, three died of metastatic MTC. MTC
in MEN2B may be more aggressive than in MEN2A, since all cases over the
age of seven months old with MEN2B had invasive carcinoma at surgery. In a
series of 13 thyroidectomy patients from seven MEN2A pedigrees, only seven
patients had elevated provoked plasma calcitonin levels, but all cases had C-
cell hyperplasia, with or without MTC [76]. In a small series of 16 children
between the ages of 6 and 16 who had a total thyroidectomy for thyroid
carcinoma, all were alive and well 1 to 21 years later [77]. Prophylactic, early
surgery (in infancy or very early childhood) by an experienced pediatric endo-
crine surgeon is probably the management of choice in those who test positive
for RET mutations. In order to detect pheochromocytomas, urinary vanyll
mandelic acid (VMA) should be regularly monitored. Screening for cancer at
other sites can be difficult.

4.6. von Hippel-Lindau disease

Mutations in VHL should be quite easy to detect because of the small size of
the gene [44,45]. Those at risk will require extensive and regular screening. In
known carriers, the most important organs in which to look for early signs of
disease are the kidney and adrenal gland. Renal ultrasound is the most conve-
nient technique. If tumors are detected, conservative, nephron-sparing surgery
is essential because of the likelihood of multiple, bilateral clear cell renal
carcinomas. For pheochromocytomas, families with missense mutations are
more likely to have pheochromocytomas than those with inactivating muta-
tions [45], but the correlation is not absolute, and some are not willing to
exclude pheochromocytoma screening on this basis [78]. Regular blood pres-
sure measurements and 24-hour urinary VMA levels may be used to detect
what can be microscopic unilateral or bilateral tumors. However, both blood
pressure and urinary catecholamine metabolites can be normal or near normal
in those with proven pheochromocytomas [79]. The routine use of other
investigations such as CT or MRI to detect these tumors is uncertain. MRI
may be particularly useful in following the progress of hemangioblastomas
[80], but whether this will improve prognosis is not yet known.

5. Conclusion

In this chapter we have described an approach to cancer screening in high-risk
families. It is important to recognize phenotypic signs of cancer syndromes so
that at-risk individuals can be promptly counseled. Where appropriate, screen-
ing and intervention can be planned. Now that DNA testing is becoming more
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widely available, it may be possible to determine who is at high risk before any
symptoms or signs are present, and this possibility may be attractive to those
attempting to target screening to those at highest risk. In the future, it will be
important to compare different preventive regimens. The cloning of cancer
susceptibility genes will result in new insights into their function and may lead
to advances in cancer drug development in which drug-based prevention of
cancer may be an important part.
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13. Screening in developing countries: problems
and opportunities

Anthony B. Miller

1. Introduction

Cancer is rapidly becoming an important cause of morbidity and mortality in
most developing countries. Indeed, given the population size and shifting
demographics in the world, more cancers already occur in developing than
developed countries [1].

As in developed countries, screening is superficially an attractive cancer
control option for developing countries. However, screening programs should
not be introduced into such countries by a slavish adoption of developed-
country approaches, since the costs could easily overwhelm the health care
system and result in an overall diminution of health status of the population.
Further, screening should only be considered within the context of a carefully
thought-through strategic plan for cancer control that takes into consideration
the specific cancer situation of the country, the resources available for cancer
control, and the other potential options for cancer control [2].

In many developing countries, the extent of disease at diagnosis currently is
such that even a minimum investment in public and professional education
could result in a substantial improvement in early diagnosis, and thus the stage
of the disease at detection [3]. An essential prerequisite to screening is there-
fore such an educational program.

2. Early detection of cancer

If cancer can be diagnosed early in its course, treatment is generally more
effective than when it is advanced. In developing countries, it is essential that
the limitations as well as the benefits of early diagnosis and screening are
recognized in order to avoid uncritical adoption of developed-country “high
technology” but poor cost-effective approaches in this area, or of methods not
achieving the needed coverage of the population. In addition, it is important to
recognize that screening programs should not be introduced unless there is
adequate manpower to perform the tests and facilities for diagnosis, treat-
ment, and follow-up of individuals with abnormal test results.

A.B. Miller (ed), ADVANCES IN CANCER SCREENING. Copyright © 1996. Kluwer Academic Publishers,
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2.1. Education for early diagnosis

Two means of early cancer detection are possible. One is educating people
concerning the early signs and symptoms of the disease and encouraging them
to obtain medical attention promptly when these occur. The public can be
alerted to the potential significance of lumps; sores that do not heal; blood in
sputum, the stool, urine, etc.; continued indigestion; or cough. People may also
be trained to examine monthly their skin, breasts, and mouth for abnormal
signs that could indicate cancer. Increasing the awareness of the general public
to the problem of cancer and the greater potential for cure when it is detected
early may thus promote early diagnosis. There is evidence that such ap-
proaches, combined with the availability of effective treatment, resulted in
improvement in stage at presentation and reduction in mortality from cancer
of the cervix in developed countries in the first half of this century [4]. Thus it
is reasonable to assume that in the developing countries, where a high propor-
tion of cancers that are relatively curable in developed countries occur at
advanced stages, increased public awareness and greater physician and allied
health care worker awareness, combined with prompt and effective therapy,
could have a major impact on the disease.

This approach requires raising the consciousness of cancer among primary
health care workers. Systematic training of such workers for the detection of
some sites of cancer could result in an important benefit in developing coun-
tries without investment in high technology. This training requires determin-
ing the stage of disease of such cancers, e.g., cervix, breast, mouth, and skin,
and if the majority are advanced (i.e., in stage III or IV), promoting measures
for earlier diagnosis and referral. Even for cases where the eventual outcome
is unchanged, treatment is simpler and the quality of life improved.

Among the measures to be considered for early diagnosis are
¢ Encourage medical and allied health professions to be aware of the symp-

toms and signs of cancer.

e Introduce public awareness campaigns concerning the symptoms of cancer
and the benefits of early diagnosis.

e Where appropriate, introduce measures to encourage “downstaging” for
common cancers that are potentially curable if found early.

2.2. Downstaging for cancer

Programs of visual inspection of the cervix using a speculum by specially
trained health workers are being evaluated in India and other parts of Asia
and in Africa. It is important to recognize that visual inspection has always
been a part of cervical cytology screening, though its contribution to the early
detection of cervical cancer in successful programs cannot be determined.
Downstaging for cancer of the cervix has been defined as “The detection of
the disease in an earlier stage when still curable, by nurses and other nonmedi-
cal health workers using a simple speculum for visual inspection of the cervix”
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[5]- Downstaging of cancer of the cervix is currently an experimental proce-
dure that is not known to be beneficial in controlling the disease. However, for
countries that have no possibility of introducing cytologic screening for cancer
of the cervix for many years, downstaging should be considered in the context
of general approaches to early detection of a critically important cancer.
Downstaging is intended to make use of available health care resources in an
area to improve the stage distribution of diagnosed cases of cancer of the
cervix, in the hope of reducing morbidity from the disease and potentially
reducing mortality also. Downstaging should be directed to the appropriate
age group to ensure cost-effective use of resources (women age 35 or prefer-
ably 45 and more). Experience in pilot projects in India has already shown that
there are a number of cultural barriers to acceptance of downstaging, from the
woman herself, from her family, and even from health care workers. Further,
even if women are examined and found to have suspect abnormalities, referral
to a district hospital for diagnosis and therapy can encounter great barriers. It
is therefore important that if it is decided to introduce such a program in an
area, appropriate arrangements are made to evaluate the effectiveness of the
program.

Another cancer for which downstaging should be considered where inci-
dence is high is oral cancer. One of the ten most common cancers in the world,
oral cancer accounts for about a third of all cancers in Bangladesh, India,
Pakistan, and Sri Lanka. The possibility of controlling oral cancer through
early diagnosis in such countries appears to be good. First, the oral cavity is
accessible for routine examination. Second, nonmedical personnel can readily
detect lesions that are precursors of carcinoma [6]. Finally, there are indica-
tions that these precursor lesions may regress with cessation of tobacco expo-
sure; and surgical treatment of early oral cancer is very effective. Experience
in Southeast Asia has demonstrated under field conditions that primary health
care workers can examine large numbers of people and can detect and classify
precancerous lesions and cancers of the oral region with acceptable accuracy.

Thus downstaging for mouth cancer should encourage programs of “look a
friend in the mouth” or self-examination using a mirror. If resources permit,
encourage allied health workers to perform routine oral examination of adult
smokers and chewers of tobacco.

For breast cancer, downstaging may be accomplished by breast self-
examination and/or by physical examination by a health care professional ([7];
see also later section of this chapter).

For skin cancer, examination for tropical ulcers and appropriate therapy
are important in many countries, while in other countries surveillance for the
early signs of melanoma can be advocated, especially among those with fair
skin (see chapter 10, this volume).

In each instance, it is important that measures are introduced to ensure that
those suspected of having cancer are promptly referred for appropriate diag-
nosis and therapy, and that institutions are identified with the appropriate
staffing and facilities to provide effective treatment and with accessibility to
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the patients. Special measures may have to be introduced to ensure that those
referred do attend for diagnosis and management of detected abnormalities.

3. Screening for cancer in developing countries
3.1. General principles

The principles that apply to the introduction of cancer screening in developing

countries are identical to those accepted for developed countries, namely,

¢ the type of disease should be common and carry high morbidity and/or
mortality;

o cffective treatment known to reduce morbidity and mortality from the
disease following screening should be available; and

e the screening procedure should be acceptable to people, relatively inexpen-
sive, and safe.

Screening concentrating on high-risk groups is rarely justified on its own, since

identified risk groups usually account for only a small proportion of the cancer

burden in a country. However, in planning recruitment into screening pro-

grams, measures must be introduced to ensure that those at high risk are

included.

3.2. Screening for cancer of the cervix

Cervical cancer is the most common cancer among women in developing
countries and the second most common worldwide, with half a million new
cases each year [1]. Screening with the cervical smear plus adequate follow-up
therapy can achieve a major reduction in both incidence and mortality rates
for cervix cancer [8].

Quantitative studies have shown that, after one negative cytologic test for
cervix cancer, screening once every 3 to 5 years accomplishes about the same
effect among women 35-64 years of age as screening every year (see chapter
4, this volume). Even screening once every 10 years yields almost two thirds
reduction in frequency of invasive cervical cancer [9]. This evidence led a
WHO meeting to conclude that in countries where resources are limited, the
aim should be to screen every woman once in her lifetime between 35 and 40
years of age. When more resources are available, the frequency of screening
should be increased to once every 10 and then every five years for the age
groups 35 to 55 years and, ideally, once every three years for women aged 25
to 60 years [10]. In developing countries, the aim should be to screen every
woman age 35-40 once in her lifetime if laboratories are available to examine
the smears and facilities are available for treatment of abnormalities. Once
80% of women age 35-40 have been screened once, the frequency should be
increased to 10- and then S-year screening over the age range 30-60 as re-
sources permit.
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3.3. Screening for breast cancer

The extent to which the evidence on effectiveness of breast cancer screening
(chapter 6, this volume) can be extended to developing countries needs evalu-
ation. Unfortunately, mammography is an expensive test that requires great
care in its delivery and expert attention to quality control in performing and
reading the test [11]. It is therefore currently out of reach for many developing
countries [12].

Breast Self-Examination (BSE) has the potential to improve the outlook
for interval cancers, while its teaching has probably helped diminish false
reassurance in those studies where it has been advocated together with other
screening tests. The World Health Organization has concluded that only BSE
has the potential to provide early diagnosis of breast cancer in many parts of
the world [13]. Three case-control studies evaluating the possible role of BSE
in reducing advanced breast cancer have been conducted. The first two were
reported as negative [14,15], though in one [15] there appeared to be some
benefit in compliers with BSE. This latter finding has now been confirmed in
the Canadian National Breast Screening Study (see chapter 6, this volume).
An important finding was the apparent similarity of effect in women under and
over the age of 50. A cohort study has also been conducted of the Mama BSE
program introduced by Gastrin in Finland in 1973. The records of nearly
30,000 women who enrolled in the program from 1973 to 1975 and who
returned BSE calendars to Dr Gastrin were identified, and passive follow-up
was conducted by record linkage to the Finnish Cancer Registry. These BSE
compliers had elevated breast cancer incidence but reduced breast cancer
mortality compared to that expected from the Finnish population [16]. Again,
there did not seem to be a differential effect in women under and over the age
of 50. The other two studies are randomized trials. The first, which is being
conducted in Russia with group randomization by factory in Moscow and
polyclinic in St Petersburg, has enrolled nearly 200,000 women, half of whom
have been instructed in BSE. Follow-up is expected to last through to 1998 at
least [17]. The other trial, planned to enroll about 300,000, is underway in
Shanghai.

An indication that good physical examinations of the breast performed by
specially trained health workers could have an important role has come from
the Canadian National Breast Screening Study, where the addition of
mammography to such examinations in women age 50-59 did not result in
reduced breast cancer mortality [18]. This finding, coupled with the fact that
the first trial of breast cancer screening, the Health Insurance Plan Trial
of Greater New York, showed a breast cancer mortality reduction even
with very early mammography [19], with the possibility that up 70% of the
benefit came from the physical examination component of the screen [20],
suggests that screening by physical examination of the breasts may have been
undervalued.

Thus in most countries, the aim for breast cancer screening should be to
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encourage BSE, and if possible participation in evaluation of physical exami-
nation for women age 40-69. If mammography becomes available in a coun-
try, the first priority for its use is for diagnosis, especially for women who have
detected an abnormality on BSE, though cancer may be present even if the
mammogram is negative. Introduction of mammography for screening should
be avoided unless or until resources are available to ensure high-quality ser-
vices sufficient to screen at least 70% of the target age group (on current
evidence, only women age 50-69) [21].

3.4. Screening for other sites of cancer

As reviewed in other chapters in this volume, screening for many cancer sites
must be regarded as experimental and cannot be recommended at present as
public health policy. Screening should only be introduced in developing coun-
tries where the relevant cancer is a major problem and when planned as a
research or demonstration project with mechanisms to evaluate the effective-
ness of the programe. This includes screening for cancer of the esophagus,
gastric cancer, colon and rectal cancer, liver cancer, lung cancer, ovarian
cancer, bladder cancer, and prostate cancer.

4. Conclusion

There is a temptation to assume that recommendations appropriate for devel-
oped countries on screening for cancer can be translated to developing coun-
tries with little modification. This assumption is false. The health care
priorities of developing countries are very different. The first priority in cancer
control must be to attempt to reduce the impact of the emerging epidemic of
tobacco-associated cancers. For other cancers with evidence on the effective-
ness of screening in developed countries, namely, breast over the age of 50 and
cervix, the principles of National Cancer Control Planning [2] must be adhered
to — primarily the need to ensure, after a situation analysis and review of
public and professional knowledge and facilities for screening and treatment,
that screening is a sufficient priority for action. It will then often be concluded
that the first priority is to concentrate on public and professional education to
facilitate early detection, and only then to introduce screening in the most
cost-effective way possible.
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fecal occult blood tests, 58-61
flexible sigmoidoscopy, 65-68
nonrandomized controlled studies, 55-58
prospective controlled trials, 58
randomized controlled trials, 51-55, 58
screening for blood in stool, 51-61
Color-flow Doppler monitoring, 175
Colostomy, 33
Computed tomography, 155, 178
Computerized image-analysis techniques,
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Concanavalin A-bound PSA, 96
Congenital nevi, 132
Correct positive tests, 48
Cost categories, 28-30
Cost-effectiveness analysis (CEA), 105, 107
Cost-minimization study, 31
Costs, 28, 46, 88
in cancer screening programs, 30
melanoma screening, 137, 139



perspective of the analysis, 31, 36
transrectal ultrasound, 94
Cost-utility analysis, 31
Cowden disease, 167, 168
Cumulative colorectal cancer (CRC)
mortality, 52, 54, 55
Cytological screening, 21
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Decision-analytic models, 27
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for cervical cancer, 44, 45
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Digital rectal examination (DRE), 54, 57,
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Kaiser-Permanente Medical Care Program
(KPMCP), 94
of Northern California, 56, 58, 66-67
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Lung cancer, screening for, 5, 121-126, 171,
188
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Multiple nevi, 143

National Cancer Control Planning, 188
National Cancer Institute, 132
Lung cancer screening trials, 121, 126
mammography recomendations, 81
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international system, 150
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overview, 149-152
POG system, 150
Quebec experience, 5
Quebec study, 153-158
staging systems compared, 150
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New South Wales study, 132-133

New York trial, 58
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New Zealand study, melanoma screening,
130-131, 133
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North London study, lung cancer screening,
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Open-access skin-check programs, 135-137
Ophthalmoscopy, 166
Optic nerve gliomas, 172
Oral cancer, 185
Osaka prefecture, 114
Osteosarcoma, familial risk, 167
Ovarian cancer, 170, 174-175, 188
economic evaluation of screening, 25
familial risk, 166, 167
primary target of screening, 10
screening, 5, 23
Overdiagnosis bias, 1, 4, 5, 47, 88
breast cancer, 101
lung cancer screening, 121, 125
neuroblastoma, 153
prostate cancer, 100-102
stomach cancer, 114
Overtreatment, 47
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Parathyroid surgery, 178

Pediatric Oncology Group protocols, 155
Pentagastrin stimulation test, 174, 177
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Peptic ulcers, 60
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Peutz-Jeghers polyposis, 171
Pheochromocytomas, 166, 172, 173, 178
Philadelphia Pulmonary Neoplasm
Research Project, 121
Photofluorography, 113
Polypectomy, 64, 176
Polyps, 60, 63-64, 68
Positive predictive value (PPV), 53, 94, 134,
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Positron emission tomography (PET), 87
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Proctoscopy, 54
Proctosigmoidoscopy, 65-66
25-cm rigid, 56
Productivity loss, 28, 29
Prostate cancer, 170, 188
incidence rates increased, 98, 99
metastatic-stage, 99, 100
metastatic (stage D), 94
mortality rates, 93, 100-102, 104
organ-confined, 95
overall age-adjusted rate, 97
prevention of, and screening for, 177
PSA glycosolation, 96
stage C, treatment for, 30
Prostate cancer screening, S, 33, 93-108
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effects, 105-107
management methods, 103-104
modalities, 93-97
natural history and overdiagnosis, 100—
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primary target, 10
treatment, 102-105
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(PLCO) Screening Trial, 65, 107
Prostate-specific antigen (PSA), 32, 97
-ACT, 96
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-detected prostate cancers, 100
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velocity (PSAV), 95
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Prostatic carcinoma, 93
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Psychometric scores, 87
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Public health policy, 43-44

Public health screening, 3, 6
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Quality-adjusted life expectancy, 106
Quality-adjusted life years, 31, 32
Quality control, screening, 4, 46, 138
Quality of life, 32, 33, 41, 48, 106

effects, 27, 33, 48
Quebec study, neuroblastoma, 153-158
Queensland (Australia) study, melanoma

screening, 129, 133

Radiation therapy, 33, 105
for prostate cancer management, 104
Radical prostatectomy, 33, 98-101, 103-104
cardiopulmonary complications, 104
side effects, 104-105
Radiography, 117, 152, 155, 158
Randomization bias, 79
Randomized controlled trial (RCT), 26-27,
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Ras oncogene, 62, 63
Rectal cancer, 171
Rectosigmoid adenomas, 65
Renal carcinomas, bilateral clear cell, 178
Reses studies, 69
Retinoblastoma, 166, 167, 168, 169
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Russian trials, 84-85

Saarland (Germany) case-control study, 57,
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Screening frequency, 26

Screening modality, 26
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design of, 17-19
Segregation analysis, 177
Selby study, 67-68

Selection bias, 1, 80, 84
gastric cancer screening, 114, 116
lung cancer screening, 121, 122
Self-selection for screening, 11
melanoma screening, 136-137. 139
Senile keratoses, 136
Sensitivity, 11-15, 60-61, 81, 8687
colorectal cancer, 52
gastric cancer screening, 117
melanoma screening, 134, 136
ovarian cancer screening, 175
overdiagnosis and, 88
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transrectal ultrasound, 93, 94
Sensitivity analysis, 35
Serum ferritin, 158
Shimada classification neuroblastoma
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Sigmoidoscopy, 10, 25, 26. 56. 176
flexible, 17, 21, 51, 54, 61, 63-69
rigid, 56, 66, 67
Simulation models, 27
Single-photon emission planar CT imaging
(SPECT), 87
Single-strand conformation (SSC) analysis,
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Single-view mammography. 86
Smoking
gastric cancer screening program, 114
lung cancer screening, 124, 125
oral cancer prevalence and, 185
South London Lung Cancer Study, 121
Specificity, 11-12, 15, 21, 61, 86
colorectal cancer, 52
gastric cancer screening, 117
lung cancer screening, 122
melanoma screening, 134
neuroblastoma, 155
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transrectal ultrasound, 93-94, 95
Spitz nevi, 142
Squamous cell cancer, 137
Standardized incidence ratio (SIR), 156
Stockholm trial, 77
Stomach cancer: see also Gastric cancer
mortality rates, 114
screening, 5, 10
Stool occult blood testing, 25, 26
Structural sensitivity analysis., 35
Subclinical disease, 93
Sulindac, 176
Superficial spreading melanoma (SSM), 130
Surgery, prophylactic, 173-174
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Results Registry (SEER), 64, 66-67
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Swedish study, melanoma screening, 130
Swedish trials, breast cancer screening, 81,
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Tamoxifen, 174

Thin-layer chromatography, 154, 155

Thin melanoma, 130-131, 133

Thyroidectomy, 174, 177, 178

Time horizon, 33-35, 36

Transitional cell carcinomas, 171

Transrectal biopsies, 30

Transrectal ultrasound (TRUS), 32, 93-94,
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Transurethral resection of the prostate
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Transvaginal ultrasound, 25, 32
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Tubulolobular cancer, 167
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Tubulovillous polyps, 171

Turcot syndrome, 176

Two-view mammography, 86

UICC Project, on screening, 4-5
Ultrasound, 155, 174, 175, 178
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Upper gastrointestinal cancer, 176
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